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��W y pmb/\�f � b/VX\^sXg W`Y y p��¬b{sXU n cd_+W`_¯gCc[\�]~\�c[W y �G�7�'b�c[|Qfeb�_m]K� � RQ��� n _ � SC_C\±° � �
°,²1³ � ��´7\��¬b{s YdpC\�s[b�f`SCY�b/Y n c[W�b/_ n/o R1Sis[r1SC\,pmb�_C_mb � n ��_ms�pCW z ´7W`wxpXR y p n1n fGµP´:b�c[cdWes�UjSCc[wj�
a \,_j_ms�|Qf`}xb/_jWeb·¶GW`_�°�²{¸x¸~�Qb/_m]"��bxs(b,��b�c�]~\�]"b��:b/YdW n _ib/fm��\,cdW`Y(R y p n feb/c�s�pCW z �(´�\�s�YdSm]~WZ\�]
b/Y)a(cdW`_ y \�Y n _ � _CW`}1\�c�s�WZYA|�b�_m]�c[\ y \,W`}1\�]'Y[pj\�]~\,wxc[\,\�¹�º»�¼�e½Q¾À¿Á�1�����{ÂÃ�1½~º����:W`_%a(pQ|CsAW y s
�,½Q¾5ÂÃ�1½~�~�vW`_Ä°,²x² � �:g n fZf n ��W`_CwNb"|1\�b/c�b�Y-u7SC�1\ � _CWZ}1\,c�sAW`YA|1�1pC\v\,_Cc n f`fZ\�]2W`_ w{c�b{]~Smb�Y[\
s y p n1n f~WZ_�Y[pj\�u�\ z b/cdY[VX\�_~Y n/o a(pQ|CsAW y shb/_m]v�:s�Ydc n _ n V)|:b�Y(Y[pj\ � _CW`}1\,c�s�WZY�| n�o q nQy pC\^s�Y[\�c
W`_Å°,²x²{Æ~�Ç´7\��¬b{s:sAS zCzmn cdY[\�]'W`_ z b/cdY�UQ| b o \,fZf n ��s�pCW z¤o c n VÈY[pC\ � �lRm�Gu7\ z b�c[YdVX\,_QY n/o
É ]~S y b�Y[W n _�]QSCc[WZ_Cw�pjWes�kmc�s�Y)Y�� n |1\�b/c�s n�o sAY[Sm]Q|1��´7\Xcd\ y \,WZ}1\�]�YdpC\ �'b{s�Yd\,c n/o �7c[Y�s
]~\,wxc[\,\NW`_±°,²{²xÊ~� � _m]Q\,c�YdpC\�s�S z \�c[}QWes�W n _ n�o a(c n/o �
�:]~cdWeb/_±��� ��\�f`Wesds�WZ_ n s�� pC\XUm\,wTb/_
c[\^s�\�b�c y pXb�Y�gC\,c[VNWm�:b/YdW n _mb/fË� y,y \,fZ\,c�b�Y n c § b/U n c�b/Y n c[|�WZ_'°,²x²{Ê~�Ì´7\���bxs�s�S zCzmn c[Y[\^]¡UQ|
b:gC\,cdVXW`f�b/U-Í�\�b�V�s�u7WZ}~W�s�W n _2¢�c�bx]~Smb�Y[\�gi\�f`f n ��sApCW z:o c n V5°�²{²{Î:Y n �{�x�{� ��´�Wes o \,f`f n ��sApCW z
VX\,_QY n c�s���\,cd\-a(b/Ydc[W y � § �Ï� n f`\�sAY nQy ��b/_i]�´7\,fZ\,_ � � É ]Q��b/c�]CsÐ�
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Ø n ��\vb)]~\,UCY n/o w{c�b/YdW`Y[Si]~\�Y n V�b�_~| z \ n{z f`\1�Ìg W`c�s�Y�b�_m] otn c[\,V n s�Y�� Ø � n SCf�]¤fZW`�1\:Y n
Y[pib/_C�'V)|�Y[pC\�sAWes-b{]Q}~W�s n c��(a(c n�o \�s[s n cÇ�:]~c[W�b/_%������\,fZWes[sAW`_ n sÐ� Ø pmb,}1\"wxc n ��_�Y[cd\,VX\,_QÙ
] n Sms�fZ|�SC_m]Q\,c7pjWes7YdSCY[\,f�b/wx\1�Kb�_m] Ø pmb,}1\�Um\,\�_�W`_is z WZc[\�]�U~|�pCW�s7U n SC_m]Qf`\�sds7\,_C\,cdw{|1�m\,_~Ù
Y[pQSmsAWeb{sAV'� y cd\�b/YdW`}QW`YA|1�xb/_m]XUQ|�pCW�s�cd\,V�b/cd�xb/UCfZ|"r1SCW y �"b�_m]Xb y�y SCc�b�Y[\ z pQ|CsAW y b�f¥WZ_~YdSCW`YdW n _��
Ø b zCz c[\ y Web�Y[\)}1\,c[| V2S y p'pCW�s�\�Ú n c[Y�s�Y n �1\,\ z WZ_ y f n sA\2Y n S y p���W`Ydp�V)| z c n w{cd\�s[s n }1\,c
f n _CwÄ]~W�s�Y�b�_ y \XUQ| z p n _j\1� o b/©G�(\,V�b�W`fP�hb�_m]�}~W�]~\ nQyÐn _ o \,c[\�_ y \1�
b/_m]���W`Ydp�pCW�s o c[\^r·SC\�_~Y
}QWes�WZY�s�Y n gi\�c[VXWZfeb/UË� Ø pmb,}1\:c[\^b/f`fZ|2\�_�Û n |1\�]X� n cd�~WZ_Cw"��W`Ydp�pCW`V'�
��|�VX\�_~Y n c�s
b/YÌgC\,c[VXWZfeb�U�Sj_m]~\,c�Y[pj\�gi\�c[VXWZfeb/UvÍ�\�b�V�shu7W`}QWesAW n _X¢�c�b{]~Smb�Y[\-gC\,fZf n ��Ù

s�pjW z"z c n w{c�b/VÜ�Ì\,c[\�u7c��1a(b�Y[c[W y � § �~� n f`\�sAY nQy �"b�_m]�f�b/Yd\,c,�1u�c,�1´7\�f`\,_ � � É ]~��b�c�]Cs�� � pC\
b{]Q}~W y \ n�o u7c,�m� n fZ\�s�Y nQy �)��bxs�}1\,cd|"pC\,f zQo SCfP�{\^s z \ y W�b/f`fZ|"��pC\,_XYdpC\�We]~\�b n/o \,fZ\ y Ydc n Ù n{z Y[W y
s[b�V z fZW`_Cwv��b{s�Y�b��~WZ_CwNs�pmb z \Çb{s�b�YdpC\�sAWes z c n Û[\ y Y,� É }1\,_ b o Yd\,c�pC\-f`\ o Y otn c § n s��7feb�V n s
�:b�Y[W n _mb/f § b/U n c�b/Y n c[|T� Ø y�n SCf�]�s�YdW`f`f yÐn SC_QY n _�pCWZVÝY n pj\,f z VX\)]~\ y W z pC\�c:Y[pC\�Û�b/c[w n _

n/o b y,y \,f`\,c�b/Y n c z pQ|CsAW y s��2u�c,�h´�� É ]~�¬b/c�]js���bxs�b�]~cdW`}QW`_Cw otn c y \"Um\,pCWZ_m]ÞYdpC\ z p n Y n WZ_~Ù
Û[\ y Y n c z c n Û[\ y Y���b/_m]%sApC\���b{s)b zmn ��\,c o SCf�b{]~} nQy b/Y[\T�MR1pC\ z Sis�pC\�]�YdpC\ z c n Û[\ y YXµ¼b/_m]
Y[pjWes�YdpC\�sAWes»¶ otn cd��b/c�]�W`_ÅV�b/_Q|'��b,|jsÐ� Ø Ydpmb/_j��b�fes n a(c n/o \�sds n c)��W y p n f�b{s-a �hÍ�W`wx\,f n �-�
��p n \,_ yÐn SCc�b�w{\�]"VX\�Y n Û n W`_)Y[pCW�s z c n Û[\ y Y,�1b�_m]2��p n b/f�s nvz c n }QWe]~\�]"bx]~}QW y \�b�_m]2pC\,f z~o SCf
s�Sjw{w{\^s�Y[W n _ms��
É © z \,cdW`VX\,_QY�b�f z p~|js�W y s�Wes�b yÐn fZfeb/U n c�b/YdW`}1\-\ÐÚ n cdY,� Ø Y�pmbxs7Um\,\,_ b z fZ\�b{sASCc[\-Y n � n c[�

��W`Ydp�V�b/_Q| y�n f`fZ\�b/wxSC\�s��CW`_ y fZSm]~WZ_Cw � \�b/_QÙAa(b�SCf��Ìb/c[_j\,W`c n �C£Åb/f`Yd\,c�´��m´:b�c[YdSC_CwC�G�7WZ� n feb�W
Í�b/c n }K� � b�VX\�s)ß"�ÁRQb�_~YdS y,y W¼�ÁRT\,c[wx\,|�R1\,f`\�Y�s��QW`|T��£Åb{]~\Ä��Sjc�b/_Q|QWP�Ìu n _mb�fe] É ]~��b�c�]Cs��
q W y pmb/c�]"���~�Ìb/cdc[WZw1b/_Ë� � c��1b/_i]X� n |CsA\�s(ß:S y pC_CW`c��ha(b{sAY�VN\,V2Um\,c�s n/o Y[pC\ z p n Y n W`_�Û[\ y Y n c
w{c n S z W`_ y f`Sm]~\�ß�W z Í�Wes�p n/o Um\,c[wx\,c,�KRT}1\,_ gicdW`Ydà,f`\,c��Q�7feb�_ q �mgCcd|1� É c[W y q �K� n f`UQ|1� § WZ_m]Cb
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ß:feb�V z R z \,_~Ydà n Sjc[Wes��KÍ�cdWeb�_'u�� � b,|Qf n c,��ß-b/cdf(ah�Kß n \ z �1\1�KgCc�b/_C� ���G�7\,à,cdW y �Xb�_m] Ø fïÛ�b
Í n pj_C\,Y,�
Ø � n SCf�]¡\^s z \ y W�b/f`fZ|"Y[pmb�_C� � \�b�_~Ùða(b/SCf¼�mb o \�f`f n ��wxc�b{]QSmb/Yd\"s�YdSm]~\,_QY,� otn c�b�f`f�pCW�s�pC\,f z

Y[\^b y pCW`_Cw'VN\XY nÄn{z \,c�b/Y[\ Y[pC\ z p n Y n W`_�Û[\ y Y n c,�±´7\���b{s"w{\�_C\,c n Sms"��W`Y[p%pCW�s�YdW`VX\T� pCW�s

y pC\,\,c��·pjWes�\�VXW`YdY�b/_ y \�]Cb/Y�b~�mb�_m]2pCW�sÕkm_C\vgCc[\�_ y p yÐn ÚK\�\1�(�'b�_~|)Y[pmb�_C�js�b/fes n Y n £�b�f`Y[\�c
´:b�c[Y[Sj_Cw otn c)V�b�_~|�f�b/Yd\¤_jW`w{pQY�sNb/Y)Y[pC\Ö��ñ yÐn _QY[c n f yÐn _ms n f`\1��b�_m] otn cXV�b/_Q|ÄSms�\ o Sjf
]~W�s y Smsds�W n _ms�c�b/_jw{W`_jw o c n V z p n Y n \,VXWesds�W n _)Y n Um\�b�VÜW`V z \�]jb/_ y \�Y n §ïò�� É~ó YA| z \�s�\,YdY[WZ_CwC�
´7W�s�]Qc[|)s�\�_ms�\ n/o pQSCV n c(��W`fZfCUm\:VXWesds�\�]G� � pib/_C�js�b�fes n Y n ß:W z Í�WesAp n/o Um\,cdw{\,c���p n wTb^}1\
VX\:V¡b/_Q|�]~\,Y�b/W`fZ\�] yÐn VNVX\,_QY�s n _'YdpC\"]~c�b o Y n/o ��pmb z Y[\,c � �Gb/_m]���p n s�\vW`_ z SjY7wxc[\�b�Y[f`|
W`V z c n }1\�]-Y[pC\�b zCz \�b�c�b�_ y \ n/o YdpC\Ákiw{SCcd\�s�YdpCc n SCw{p n SCY,� Ø \,©QY[\�_m]�V)|�Ydpmb/_j�Cs�Y n � b�VX\�s
RQb�_~YdS y,y W1��p n b/Ujf`|:�1\ z Y�Y[pC\Ìfeb{sA\,c�c[Sj_C_CW`_jw7��pCWZf`\ Ø �¬b{s���c[WZY[W`_jw�S z � q b/f z p"a
b{s[r1SCWZ_C\,f`fZW
w{\�_C\,c n Sms�fZ|�f n b/_j\�]ÞV¡b/_Q|¤Sis�\ o SCf
Y[pCWZ_Cw1s o c n VÝpCWes�Y[c[\^b{s�Sjc[\)Y[c n }1\�s n/o \�r1SCW z VN\,_~Y��CW`_~Ù

y fZSm]~W`_jw:Y[pC\�f n _Cw/Ù¼Y[\�c[VÜf n b/_ n�o YdpC\�ô z YdW y b�fKR z \ y Ydc[SCVõ�7_mb�f`|Qà,\,c,��R z \ y W�b/fCYdpmb/_C�js�b/f�s n
Y n �7feb�_'´:b�pC_ otn c:Y[pC\vf n b/_ n�o Y[pC\Çs�Y[cd\�b/� y b�VX\,c�b~� Ø b y �~_ n ��fZ\�]~wx\�V¡b/_Q|XSms�\ o SCf(]QWesðÙ

y Smsds�W n _ms7��WZY[pÄgCc�b�_C�'��\,à,c[W y �G�mb/_i]�Y[pmb�_C��pCWZV otn c n YdpC\,c:\�r1SCW z VX\,_QY�f n b/_isÐ� � pmb/_C�js
b/f�s n Y n R1WZ\,w o cdW`\�]�R y pCcd\,W`Um\,c�µPu É R1��¶ otn c�pC\,f z~o SCfh]~W�s y Smsds�W n _ms��
Ø n �Ì\ z \,c�s n _mb�f�Y[pmb�_C�Cs:Y n V2| o c[W`\�_m]Cs:b�_m] o b/VXWZf`|X��p n¤z c n }~W�]~\�]�V n c�b/f
s�S zCzmn c[Y

b/_i]ö\�_ yÐn Sjc�b/wx\,VX\,_QY,� Ø p nxz \ Y n pmb,}1\�b�_ n{zCzmn cdY[SC_jW`YA|�Y n \�©~Yd\,_m]�V2| w{c�b/Y[WZY[Sm]Q\¤WZ_

z \,c�s n _ Y n b/f`f n/o YdpC\,V'�
Ø � n SCfe]"b�fes n f`W`�1\
Y n Ydpmb/_C�Çu7c,�xu:b,}QWe]��v�{g WZ_Cf`\�|1��u7c,�1R1Yd\ z pC\,_Çu��x´ n fZVX\�sÐ��b�_m]"u7c��

� n pj_�ah� �'b�c[cdW`_C\,c�� Ø _ÄY[pC\�W`c y b z b y W`Y[WZ\�s�b{s�Í�\^b/V�s�u7W`}QWesAW n _Ä´7\�b{]G�KY[pC\�| yÐn _QY[WZ_~Smb�f`fZ|
s�S zCzmn c[Yd\�]�Y[pC\ n _Cw n W`_Cw%c[\^s�\�b�c y p n/o w{c�b{]~Smb�Y[\Ås�YdSm]~\,_QY�s2WZ_÷YdpC\Ä��ñÀaÕp n Y n W`_�Û[\ y Y n c

z c n Û[\ y Y"\,}1\�_�W`_%Y[WZVX\�s n/o Y[WZw{pQY"UCSm]~wx\,Y�s�� � pj\,W`c yÐn _ y \,cd_ otn c)w{c�b{]~Sib/Y[\Ös�YdSm]~\,_QY�s�W�s
V n s�Yvb zCz c[\ y W�b/Yd\�]K� � pj\X]~WZc[\ y Y n c n/o gC\,c[VNW`feb�U��Gu7c,����W y pmb�\,f�Rm��£�WZY[pC\,cd\,f`f¼�Kb�_m]�YdpC\

otn cdVX\,c¬]~W`cd\ y Y n c�u7c�� � n pC_Öa \ nxz f`\�s�� � c,�jb/c[\ n ÚG\,cd\�]XV2|"Ydpmb/_C�js otn c�Y[pC\vs[b�VX\:cd\�b{s n _��
� pCWes�� n c[�-��bxs sAS zCzmn cdY[\�]�WZ_ z b�c[YhU~|�Y[pC\ � �{Rm��u7\ z b/c[YdVX\,_QY n/o É _C\�c[w{|-SC_i]~\,c yÐn _~Ù

Y[c�b y Y�_QSCV2Um\,c�u É Ùðg(¢ �x� Ùð²~° É�q�ø � Î{¸1ÊK� � pCWes�� n c[� ��b{s�b/fes n s�S zCzmn c[Yd\�]�UQ|�gC\,cdVXW`f�b/U��
��pCW y pXW�s n{z \,c�b/Y[\^]¤UQ| � _CWZ}1\,c�sAW`Y[WZ\�s q \�s�\^b/c y p �:s[s nQy Web�Y[W n _ otn c�Y[pC\ � �mRm�mu7\ z b/c[YdVX\,_QY
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n/o É _C\�c[w{|ÅSC_m]~\,c yÐn _QY[c�b y Yv_~SjV2Um\,c-u É Ùð�:� �{� Ùd³�Î1�Ì´ � Æ �{�x� � � pC\�b�SCY[p n c"��WesApC\�s�Y n
b y �Q_ n ��f`\�]~wx\:Y[pj\�sAS zCzmn cdY n/o b)gi\�c[VXWZfeb/UNÍ�\�b�V�s�u7WZ}~W�s�W n _�¢�c�bx]~Smb�Y[\"gC\,fZf n ��s�pjW z �
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� pC\ z bxs[sdb/w{\ n/o b�cd\,feb�Y[W`}QWesAY[W y�y pmb�c[wx\�] z b�c[Y[W y f`\�Um\�b/VúUCSC_ y pXY[pjc n Sjw{p b�sAY[c[S y Y[SCcd\
Wes
b y,yÐn V z b�_CW`\�]�UQ|�Ydc�b�_ms�WZ\,_~Y
\,f`\ y Y[c n V�b/wx_C\,YdW y km\,f�]CsÐ�
Í�| y b�Sms[b�f`W`YA|1�xY[pC\�sA\�km\,f�]Cs V)Sms�Y
Um\:Um\,pCWZ_m]2Y[pj\:UCSC_ y p��Qb/_i]Xb/cd\ y b/fZf`\�]'û[�¬b/�1\Ðki\,fe]Cs��ýü � pC\���b/�1\�km\,fe]js�b y Y�Umb y � n _XYdpC\
Um\�b/VÖ�1b/_m] y b�Sms�\�W`_msAY�b�UCW`fZW`Y[WZ\�shs�S y p)b{s(Y[pj\�U¥\^b/VÜUCcd\�b/�1ÙPS z WZ_ms�Y�b/UCWZf`W`YA|1�xb/_i]�YdpC\�pC\�bx]·Ù
Y�b�W`f(WZ_ms�Y�b/UCWZf`WZY�|T�C��pCW y p�fZW`VXWZY�Y[pC\"fZSCVXW`_ n s�WZYA| n�o f`WZ_C\�b�c yÐn f`fZWe]~\,c�sÐ� � pC\"�¬b/�1\Ðki\,fe]Cs�b/cd\

z b�c[Y[W y SCf�b/c[fZ|XW`V z¥n c[Y�b/_QY otn c�s�p n c[Y�UCSC_ y pC\^sÁ��WZY[p�pCW`wxp y pmb/cdw{\1�Ì�+w{cd\�b/Y�]~\�b�f n�o \ÐÚ n cdY
Wesv]~\,} n Y[\�]'Y n b�_mb/fZ|~YdW y b�f�b�_m]�_~SjVX\,c[W y b/f y b/f y SCfeb�Y[W n _ms n/o ��b��1\Ðkm\,f�]CsÐ�
b/_m]Ä��b/�1\�km\,fe]
\ÐÚG\ y Y�sÐ� É © z \�c[W`VN\,_~Y�b/fm_QSCV2Um\,c�s�b/c[\v_C\,\�]Q\�]K�
Ø _XY[pCW�s�YdpC\�s�W�sÐ�1��\ z c[\�sA\,_QY�VN\�b{sASCc[\,VN\,_~Y�s n�o Y[pC\�Y[c�b�_ms�WZ\,_QY�\�f`\ y Ydc[W y km\,fe]js�W`_i]~S y \�]

UQ|÷bÅs�p n c[YXpCWZw{p~Ù y pmb/cdw{\'\,fZ\ y Y[c n _%UCSC_ y p z b{sds�W`_jwMYdpCc n SCw{pþbÅÎ^Ù¼��b,|÷}xb y SCSCV y c n s[s��
� pC\�sA\"VX\�bxs�SCcd\,VX\,_QY�s�b�c[\ z \,c otn c[VX\^]¤W`_'YdpC\"Y[WZVX\v] n V¡b/W`_'Sis�W`_jwX\,f`\ y Y[c n Ù n{z YdW y sdb/V2Ù

z fZW`_Cw-��W`Ydp)b:Y[W`VN\�c[\^s n fZSCY[W n _ n/o b zCz c n ©~WZV�b/Yd\,f`|vÊ z W y�n s�\ yÐn _m]jsÐ�(£�W`Ydp)]~WlÚG\,cd\,_QY n cdW`\,_~Ù
Y�b�Y[W n _ms n/o YdpC\�\,f`\ y Y[c n Ù nxz Y[W y�y c[|js�Y�b/f¼�{��\�pmb,}1\�VX\�bxs�SCcd\�]"]~WlÚG\,cd\,_QY�}1\ y Y n c yÐn V z¥n _C\,_QY�s

n/o Y[pj\X\,f`\ y Y[cdW y km\,f�]K� � pC\�g n Sjc[W`\�c�Y[c�b/_ms otn cdV n�o Y[pC\�YdW`VX\ÐÙð] n V�b/WZ_']Cb�Y�b'|~WZ\,fe]Cs:YdpC\

z c n ]~S y Y n/o Y[pj\7Um\�b�VÿWZV z \�]Cb/_ y \���WZY[pXYdpC\7\�© y WZY�b�Y[W n _)s z \ y Ydc[SCV n/o Y[pC\�UCSC_ y p���RTW`_ y \
Y[pj\:UCSC_ y p�f`\,_jw{Y[pNWes��Q_ n ��_ o c n Vús�Ydc[\�b�� y b/VN\,c�b-VX\�b{sASCc[\�VX\,_1Y�s��{Y[pj\��Xf n sds o b y Y n c�W�s
]~WZc[\ y Ydf`| n UCY�b�W`_C\�]G� � pC\,c[\�Wes�c[\^b{s n _mb/Ujf`|Xw n1n ]�b/wxc[\,\�VX\,_QY�Um\,YA�Ì\,\,_XYdpC\:\,© z \,c[WZVX\,_QY�b/f
��f n s[s o b y Y n c-��W`Ydp y b�f y SCf�b/YdW n _is o c n VÝYdpC\ yÐn ]~\������	�
�Ì� � n�n Sjc��Q_ n ��f`\�]~wx\1� YdpCWes:W�s
Y[pj\�kmc�s�YÇ]~W`cd\ y Y:VX\^b{s�Sjc[\,VX\�_~Y n�o Y[pj\���f n sds o b y Y n c otn c�UCSC_ y pÄf`\,_jw{Y[pis�sAp n cdY[\,c-Ydpmb/_
n _j\�VNW`f`fZW`V)\,Y[\�c�µtc[V�s�¶��
£�\¬b/f�s n:z cd\�s�\�_~Y�cd\�s�SCfZY�s n/o V�b�w{_C\,YdW y UjSC_ y p yÐn V z c[\^s[s�W n _)µªSis�W`_jw-b7]QW zmn fZ\ y pCW y b�_C\{¶

n/o b7pCW`wxp~Ù y pmb�c[wx\ z p n Y n W`_�Û[\ y Y n chUm\�b/V otn c(YA� n ]~WlÚG\,cd\,_~Y � ¨Mf�b{sA\,c z SCfesA\�f`\�_Cw{Ydpms n _�YdpC\



á��2îËí�Xá2âví Ñh�t�t�

z p n Y nQy b�Y[p n ]Q\1����Y�Um\�s�Y yÐn V z c[\^s[s�W n _���b-°,ÆQ�ý¸1³�_K�'UCSj_ y p-�¬b{s yÐn V z cd\�s[sA\�]7Y n � � Î{Î7VNV
µ � �`°�² z s»¶
c[V�s�� n c¬b z \^b/� y SCc[cd\,_QY n�o Æ��j���Cô�Y[pC\,c�cd\�s�SCfZY�s o c n VÜYdpC\ z p n Y n W`_�Û[\ y Y n c�b/cd\
w{WZ}1\,_��xb/_m]-Y[pC\Ìfebxs�\,c
s�|js�Yd\,V otn c z p n Y nQy b/Ydp n ]~\�\,© y W`Y�b/Y[W n _vb/_i]�\,fZ\ y Y[c n Ù n{z YdW y s[b�V z fZW`_Cw
Wes�]Q\�s y cdW`Um\�]K�



���

#ö��ù���� �"! 3ÿ�2�)�
���)��&

� ��������������� � � ��� �
°{�Z° É f`\ y Y[c n Ù[ô z YdW y RQb�V z f`WZ_Cw��-���-�-���-���-�v���v�-���-�-���-���-���-�v��� �
°{� � � pC\Ç��ñ¯aÕp n Y n W`_�Û[\ y Y n c:b�_m] ��É R § � �-�v���v�-���-�-���-���-���-�v��� ø

! í�"�#'ç%$	&'# � î)(�& � #+* ,
� �Z° ô�}1\,c[}QW`\�� n/o Y[pC\ § b{sA\,c-R1|CsAY[\,V ���-���-�v���v�-���-�-���-���-���-�v��� ¸
� � � ô�s y WZf`f�b/Y n c ���-�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ° �

� � � �Z° � y Y[WZ}1\-� n ]~\ÐÙ¼f nQy �QW`_Cw.- � pC\ n cd| �v���v�-���-�-���-���-���-�v��� ° ø
� � � � � � n ]~\ÐÙ¼f nQy �~WZ_Cw	- Ø V z f`\�V2\�_~Y�b/YdW n _)�v���v�-���-�-���-���-���-�v��� °,Î
� � � � Æ � W`VXWZ_Cw2R1Y�b/UCWZf`WZà�b/YdW n _ �-���-���-�v���v�-���-�-���-���-���-�v��� °/³
� � � � ø É sAY[WZV�b/YdW`_Cw"YdpC\ � W`VXWZ_Cw � W`Y[Yd\,c �v���v�-���-�-���-���-���-�v��� °,¸
� � � � Ê aÕSjfes�\"��pCWZc z b/_m] É © z b/_msAW n _ �-�v���v�-���-�-���-���-���-�v��� �{�
� � � � Î u7Web�w{_ n s�Y[W y s �-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� � ø

� � Æ a(SCfesA\"R1\,f`\ y Y[W n _ ���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� � ¸
� � ø ��SCfZY[W z b{s[s���V z f`WÃkm\,cv�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Æ~°
� � Ê � � n Ù z b{s[s�b/V z fZWlkm\�cÝ�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Æ{¸
� � Î a(SCfesA\"� n V z cd\�s[sAW n _ �-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ø Æ
� �Ã³ ´:b�c[V n _CW y ¢�\,_j\,c�b�Y[W n _þ���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ø{ø
� � ¸ � ¨$Y[\�V zmn c�b�f z Sjfes�\vsApmb z WZ_Cw �-���-���-�v���v�-���-�-���-���-���-�v��� ø ¸

� � ¸~�Z° aÕSjfes�\"R1Y�b y �1\,c����-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ø ¸
� � ¸~� � ��\�b{sASCc[\,VN\,_~Y�s n�o YdpC\ § b{s�\�c � \,V zmn c�b/fha(c n kmf`\ �-���-���-�v��� Ê{Æ



â"å)ä í�è:ä í�î �

� � ¸~� Æ �7f`WZw{_CVX\�_~Y n/o Y[pj\�a(SCf�s�\"R1Y�b y �1\,c ���v�-���-�-���-���-���-�v��� Ê{Ê
� � ² � ¨ s z b/Y[W�b/f z c n kmfZ\vs�pmb z W`_Cw �-�-���-���-�v���v�-���-�-���-���-���-�v��� Ê·³
� �Z° � Í�\�b�V � c�b/_ms zmn c[YÇ���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Ê{²

� �Z° � �`°$¨�b y SCSCV b/_m] ��\ y pib/_CW y b/f%�-���-�v���v�-���-�-���-���-���-�v��� Î~°
� �Z° � � � ô z Y[W y sì�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Î{Ê
� �Z° � �ýÆ9a n WZ_~YdW`_Cw�Û[WZY[Y[\�c����-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Î{²

/ 0 # ��12��� *3$ ��� # �.14� "�# 0 " �5�6� � �87 # � �6�9� :�!
Æ~�Z° Í�\�b�VXf`WZ_C\ É fZ\,VX\,_QY�s�b/_i]Þô z Y[W y s����-���-�v���v�-���-�-���-���-���-�v��� ³ �
Æ~� � ��pmb�c[w{\Ç��\�b{sASCc[\�VX\,_QY%���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ³�Ê
Æ~� Æ a(p n Y n \,VXW�s[s�W n _%�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ³{³

Æ~� Æ~�Z° ��pmb/cdw{\ É ©QY[c�b y YdW n _ }Cs�� § b{sA\,c É _C\�c[w{|N�-���-�-���-���-���-�v��� ³�²
Æ~� Æ~� � ��pmb/cdw{\ É ©QY[c�b y YdW n _;-ÁRQb�Y[SCc�b/YdW n _Ä��SCc[cd\,_QY��-�-���-���-���-�v��� ¸{¸
Æ~� Æ~� Æ aÕpib{s�\Çs y b�_�}jsÐ��¢�c�bx]~W`\�_~Y'-�R y p n Y[Yd�~|N\ÐÚG\ y Yþ�-���-���-���-�v��� ² �
Æ~� Æ~� ø �Ìb/Y[p n ]~\XR z b�Y[Web�f � _CW otn c[VNW`YA| �-�v���v�-���-�-���-���-���-�v��� ² �

Æ~� ø � W`VNW`_Cw)R1|~_ y pCc n _CWZà�b/YdW n _�b�_m]ÞRTY�b/UjW`f`WZYA|÷�v���v�-���-�-���-���-���-�v��� ² ø
Æ~� Ê É VXW`YdY�b�_ y \$���-�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ° � Ê
Æ~� Î � zCz \,_i]~W`©<- � cdSC_ y b�Y[\�]�¢�b/Sis[s�W�b/_ § bxs�\,c-R zmn Y±�-���-�-���-���-���-�v��� ° � ³

= í%#8*?> ��� $	@ � "�$ � $ � � # � �BA $ � � ���C�+1D� "�#E�F#+$	* �9���
ø �Z° a \�b�����SCcdc[\,_QY®�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °x° �
ø � � R1Ydc[\�b�� y b/VN\,c�bvs�\,YAÙPS z ���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °x° ø
ø � Æ u:b�Y�b2cd\�]~S y YdW n _ ���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °x°/³
ø � ø q \�s�SCfZY�s otn c7YdpC\ § n _Cw § b{sA\,c:a(SCf�s�\-�-���-�v���v�-���-�-���-���-���-�v��� ° � °

ø � ø �Z° � _ yÐn V z c[\^s[s�\^]XÍ�SC_ y p § \,_CwxY[p }Cs��Á��pmb�c[wx\Ü�-���-���-���-�v��� ° � °
ø � ø � � � n V z cd\�s[sA\�]�Í�SC_ y pXf`\�_Cw{Ydp¤}jsÐ�ma(pmbxs�\v�-���-�-���-���-���-�v��� ° � °

ø � Ê q \�s�SCfZY�s otn c7YdpC\"R1p n cdY § bxs�\,c�a(SCfesA\ ���-�v���v�-���-�-���-���-���-�v��� ° � Î
ø � Ê~�Z° � _ yÐn V z c[\^s[s�\^]XÍ�SC_ y p § \,_CwxY[p }Cs��K��pmb/cdw{\ �-���-���-���-�v��� ° � Î
ø � Ê~� � � n V z cd\�s[sA\�]�Í�SC_ y p § \,_CwxY[p }Cs��maÕpib{s�\À���-�-���-���-���-�v��� ° � Î



â"å)ä í�è:ä í�î �h�

ø � Î É _C\,cdw{|'R z cd\�b{]X�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ° � ²
ø �Ã³ R1SCVNV�b/cd| ���-�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ° � ²

G èD@B# � �����	H åI> � � � î;$	*?>�@ � �KJ�L íM"�# ��� ( �+/)!
Ê~�Z° ô�}1\,c[}QW`\�� n/o É fZ\ y Ydc n Ùdô z Y[W y RQb�V z f`WZ_CwX�-�v���v�-���-�-���-���-���-�v��� °�Æ �
Ê~� � É f`\ y Y[c n Ù[ô z YdW y É ÚG\ y Y��-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Æ{Æ

Ê~� � �Z° � n _CfZW`_C\^b/c:R1Sms y \ z YdW`UCWZf`WZY�| �-���-�v���v�-���-�-���-���-���-�v��� °�Æ ø
Ê~� � � � a(b/c�b/VX\,Ydc[WZà�b/YdW n _ n/o É f`\ y Y[c n Ùdô z Y[W y É ÚG\ y YX�-�-���-���-���-�v��� °�Æ{Ê
Ê~� � � Æ �Ìb{s�\N- § W � b1ô�Oõ���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Æ·³

Ê~� Æ � W`VN\ q \^s n fZSCY[W n _ �v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Æ{¸
Ê~� ø É © z \,cdW`VX\�_~Y�b/fGs�\,YdS z �-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Æ{²
Ê~� Ê � n _j\�s7�'b�Y[cdW`©��7_ib/f`|js�W�s �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� ° ø ³
Ê~� Î gmb{sAY:g n Sjc[W`\�c � c�b/_ms otn c[V µ¼g(g � ¶ ���-���-�v���v�-���-�-���-���-���-�v��� °�Ê~°

P è�å î�$	*?>�@ � ��J �#+& � @ � &F$ ��� é � & �Q� &R& � ��� �5G.=
Î~�Z° g WZc�s�Y�cd\�s�Sjf`Y�s+�-�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Ê ø
Î~� � q \�s�SCfZY�s�WZ_Þ¢�\ n VX\,Ydc[|N� �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Ê·³

Î~� � �Z° Ø V z SCfesA\ É © y W`Y�b�Y[W n _ �-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Ê{²
Î~� Æ q \�s�SCfZY�s�WZ_Þ¢�\ n VX\,Ydc[|NÍ �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�Î{¸
Î~� ø �'b/wx_CW`YdSm]~\ n/o Y[pC\ É f`\ y Y[c[W y g WZ\,fe] �-���-�v���v�-���-�-���-���-���-�v��� °�³�Æ
Î~� Ê Ø _~Yd\,c z c[\,Y�b/Y[W n _È�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�³{³

Î~� Ê~�Z° gicd\,\"R z b y \��v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�³{³
Î~� Ê~� � u7W`\,fZ\ y Ydc[W y U n SC_i]Cb/cdW`\�s��-���-���-�v���v�-���-�-���-���-���-�v��� °�¸ �
Î~� Ê~� Æ � n _m]~S y Y[WZ_CwXÍ n SC_m]Cb�c[WZ\�s:���-���-�v���v�-���-�-���-���-���-�v��� °�¸~°
Î~� Ê~� ø £�b��1\�gCSC_ y Y[W n _ms'�-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�¸ �
Î~� Ê~� Ê É © z \,c[WZVX\,_QY�b�f § n s[s:gmb y Y n c ���-�v���v�-���-�-���-���-���-�v��� °�¸{Æ
Î~� Ê~� Î � n ]~\ § b�U¥\�f`W`_jw �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�¸·³
Î~� Ê~�Ã³ �7SCVX\,cdW y b�fG� n ]~\,f`WZ_Cw �-���-���-�v���v�-���-�-���-���-���-�v��� °�²~°
Î~� Ê~� ¸ Í n SC_m]jb/c[| yÐn _m]~WZY[W n _ms�b/Y�\,_m]js n/oÌy c n sds5���-�-���-���-���-�v��� °�² �



â"å)ä í�è:ä í�î �h�t�

Î~� Î q \�s�SCfZY�s�WZ_Þ¢�\ n VX\,Ydc[|�� �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�² ø
Î~�Ã³ q \�s�SCfZY�s otn c:ß-uDS�a%W`_�w{\ n VX\,Ydc[|N�ì�-���-�v���v�-���-�-���-���-���-�v��� °�²{Ê
Î~� ¸ R1SCVNV�b/cd| ���-�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� °�²{¸

: â ����� @ � & � ��� & !	T��
³1�Z° É f`\ y Y[c n Ù[ô z YdW y RQb�V z f`WZ_Cw��-���-�-���-���-�v���v�-���-�-���-���-���-�v��� �x� °
³1� � a n s[s�WZUCf`\ Ø V z c n }1\,V2\�_~Y�s Y n É ô�RÇ���-���-�v���v�-���-�-���-���-���-�v��� �x� ø
³1� Æ Í�SC_ y p'� n V z c[\�sds�W n _%�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� �x� Ê
³1� ø a(p n Y n \,VXW�s[s�W n _%�v���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� �x� Î
³1� Ê É © y W`Y�b�Y[W n _ § b{sA\,c����v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� �x� ³

� �BU @ � �	J<� $	>�"9( !	T ,



�h�t�t�

V%��&����"!ì#ö��ù�����&

í%$ U @B# í � � @B# 0 $ J #
� �Z° § n ��ÙPfZ\,}1\,fGc�b{]QW n/o cd\�r1SC\,_ y WZ\�s?�-�-���-���-�v���v�-���-�-���-���-���-�v��� °/³

Æ~�Z° g WZY[Y[\^] z b/c�b�VX\,Yd\,c�s o c n V y pmb�c[wx\�\�©~Ydc�b y Y[W n _ ]Cb/Y�b �-�-���-���-���-�v��� ¸{Ê

ø �Z° a \�b�����SCcdc[\,_QY�b y pCW`\�}1\�]Xb/Y�sA\,f`\ y Y[\�] o b y WZf`W`YdW`\�sÄ�-���-�-���-���-���-�v��� °x°,Ê

Î~�Z° �Ìb/fZW`UCc�b/YdW n _ n/o É ô�R otn c § W � b1ô�O����-���-�v���v�-���-�-���-���-���-�v��� °�³{³
Î~� � É ô-R�s�WZw{_mb�f�}Cs��K��pmb/cdw{\Q-�� n V z c[\�sds�\�]G�ÿ�v���v�-���-�-���-���-���-�v��� °�³�¸
Î~� Æ É ô-R�s�WZw{_mb�f�}Cs��K��pmb/cdw{\Q- � _ y�n V z cd\�s[sA\�]K� ���v�-���-�-���-���-���-�v��� °�³�²
Î~� ø � n ]~\ o c[\�r1SC\,_ y W`\�s n/o b y |Qf`WZ_m]~cdW y b�f¥�¬b,}1\,w{SCW�]~\ ���-�-���-���-���-�v��� °�¸{²
Î~� Ê ô�Ums�\�c[}1\�]�b/_i]�a(c[\�]QW y Yd\�] o c[\^r·SC\�_ y W`\^s�- ÉXW ���v�-���-�-���-���-���-�v��� °�² �
Î~� Î ô�Ums�\�c[}1\�]�b/_i]�a(c[\�]QW y Yd\�] o c[\^r·SC\�_ y W`\^s�- ÉXY ���v�-���-�-���-���-���-�v��� °�² �
Î~�Ã³ É ÚG\ y Y n/o ��S's�pjW`\,f�]~W`_Cw n _ o c[\�r1SC\,_ y | yÐn V zmn _C\�_~Y�sÐ�-�-���-���-���-�v��� °�²{Î
Î~� ¸ ô�Ums�\�c[}1\�]�b/_i]�a(c[\�]QW y Yd\�]�ZXW`_'¢�\ n VN\,Y[cd|¤� �-���-�-���-���-���-�v��� °�²{Î
Î~� ² ß-uDS�a÷W`_�wx\ n VX\�Y[c[|)�Üµ É Y ¶[-�ô�UmsA\,c[}1\�]�b�_m]�a(c[\^]~W y Yd\�]�Z$���-���-�v��� �x�{�



�h�eÑ

VM��&����"!+*+���2« 	���&

\ � J)��� # í � � @]# 0 $ J #
°{�Z° � pC\ÇÍ�\�b/VXfZW`_C\ n�o Y[pj\��-ñ+a(p n Y n W`_�Û[\ y Y n cõ���v�-���-�-���-���-���-�v��� Ê
°{� � � pC\ § W`_C\�b�c:� n fZf`We]Q\,c�u7\^s�W`wx_ n�o ��É R § � ���v�-���-�-���-���-���-�v��� Î

� �Z° � pC\ ��É R § � z SCfesA\�Ydc�b�W`_ ���-�-���-���-�v���v�-���-�-���-���-���-�v��� ²
� � � Í�f nQy �Nu7Web�w{c�b�V n/o YdpC\ § b{s�\�c�R1|js�Yd\,V �-�v���v�-���-�-���-���-���-�v��� ° �
� � Æ § b,| n SCY n/o Y[pC\ § b{sA\,c-R1|CsAY[\,V �-���-���-�v���v�-���-�-���-���-���-�v��� °{°
� � ø � W`VNW`_Cw � W`Y[Yd\,c:R1S zjz c[\�sds�W n _ gC\,\�]~Umb y � § n1n{z �-���-�-���-���-���-�v��� °,²
� � Ê a(pmb{sA\�_ n WesA\�sAWe]~\�Umb/_m]js �-���-�-���-���-�v���v�-���-�-���-���-���-�v��� � °
� � Î ô�s y WZf`f�b/Y n c�s z \ y Ydc[SCVú��W`Y[p�V n _ nQy pCc n V�b/Y n c�b�_m]¤wxc�b�Y[W`_jwXs z \ y Y[c n VX\,Yd\,c � Î
� �Ã³ R y pC\,V�b�Y[W y ]~c�b,��W`_Cw n/o Y[pC\"��£Ä�:� ���-�v���v�-���-�-���-���-���-�v��� � ³
� � ¸ � n V z c[\�sds�\�] n s y WZf`feb�Y n c z SCfesA\-f`\,_CwxY[p���W`Ydp'��£Ä��� �-���-���-���-�v��� � ¸
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� �Z° øþ� pC\,cdV�b/fGUCW`cd\ o c[WZ_Cw{\�_ y \:WZ_¤YdpC\vÎ�VXV9c n ]È���v�-���-�-���-���-���-�v��� ø °
� �Z°,Ê�g WZc�s�YAÙ n c�]~\�c7wxc�b/YdW`_Cw yÐn V z c[\^s[s�W n _ �-���-�v���v�-���-�-���-���-���-�v��� ø{ø
� �Z°,Î��7SCY nQyÐn cdc[\,f�b/YdW n _ U~|�RQ´�¢ ���-�-���-���-�v���v�-���-�-���-���-���-�v��� ø Ê
� �Z°/³±�7SCY nQyÐn cdc[\,f�b/YdW n _ }Cs��CÍ�b�_m]~��We]QY[p �-���-�v���v�-���-�-���-���-���-�v��� ø Î
� �Z°,¸�a(SCfesA\vs�Y�b y �1\�c���W`Y[p�YA� n"z b/W`c�s n/o b�c[V�s �v���v�-���-�-���-���-���-�v��� Ê �



ç � îËí å^\_\ � êa`aXè-î ��Ñ

� �Z°,²�a(c[WZ_ y W z f`\ n�o�n{z \,c�b/Y[W n _ n/o b2sAY[c[\^b/� y b�VX\,c�b0�v�-���-�-���-���-���-�v��� Ê ø
� � �{� R1p n c[Y�b/_m]�f n _Cw2f�b{sA\,c z SCf�s�\-f`\,_jw{Y[pis����-�v���v�-���-�-���-���-���-�v��� Ê{Î
� � � °÷R z b�Y[W�b/f
aÕc n kmfZ\"R1pmb z W`_Cw.- � c[SC_ y b/Yd\�]�¢:b�Sms[sAWeb�_È���-�-���-���-���-�v��� Î �
� � �{� � ¨$febxs�\,c�s z b/YdWeb�f z c n kmf`\ n _ y b/Ydp n ]~\ �-�v���v�-���-�-���-���-���-�v��� Î~°
� � � Æ � ¨$febxs�\,c z c n kif`\Q- y SjY�sÐ� z c n Û[\ y Y[W n _ms����-�v���v�-���-�-���-���-���-�v��� Î �
� � � ø ¨Ìb y SjSCV5VXWZc[c n c�U n ©)-�sAWe]~\-}QW`\,�����-���-�v���v�-���-�-���-���-���-�v��� Î{Æ
� � � Ê÷¨Ìb y SjSCV5VXWZc[c n c�U n ©)-�b�©~W�b/f�}QW`\,� �-���-�v���v�-���-�-���-���-���-�v��� Î ø
� � � Î Ø V�b/wx\ q \,feb,|QW`_Cw otn c�Y[pC\ � ¨È�-�-���-���-�v���v�-���-�-���-���-���-�v��� Î{Î
� � � ³%¨:WZc[Y[Sib/f(�Ìb/Ydp n ]~\N���v�-���-���-�-���-���-�v���v�-���-�-���-���-���-�v��� Î·³
� � � ¸ § b{sA\,c�a n WZ_~YdW`_Cw � WZY[Y[\�cR-(¨�\,c[YdW y b�f����-���-�v���v�-���-�-���-���-���-�v��� ³ �

Æ~�Z° �7_mb�f n w{| n/o V�b/wx_C\,YdW y:yÐn V z cd\�s[s n c���WZY[p n{z YdW y b�f yÐn V z c[\^s[s n cÜ���-�v��� ³ ø
Æ~� � b Smb/_QY[SjV É�c y WZ\,_ y |)}jsÐ� � W`VN\ ���-���-�v���v�-���-�-���-���-���-�v��� ³�²
Æ~� Æ b Smb/_QY[SjV É�c y WZ\,_ y |)}jsÐ� � W`VN\-]~SCcdW`_Cw n _C\v]Cb,|����-�-���-���-���-�v��� ¸ �
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Î~� � °%ß-uDS�a÷W`_�wx\ n VX\�Y[c[|)�M-mg(g � �-�-���-���-�v���v�-���-�-���-���-���-�v��� °�²{²
³1�Z° É © z \,cdW`VX\�_~Y�b/f § n sds:gmb y Y n c�}jsÐ�������	�
� �v���v�-���-�-���-���-���-�v��� �x�{�



�

354 �����
�:	 u

v �)�(	��¤.'«'�Ì���,�2�

� pC\)]~\^s�W`cd\�Y n SC_m]~\�c�s�Y�b/_m]'Y[pj\ z pQ|CsAW y b�f � n cdfe]'b/c n SC_i]�Sms:pmb{s7V n Y[WZ}xb/Y[\^]�s y W`\,_QY[W�s�Y�s��

z pCWZf n s n{z pC\,c�s���b�_m]�c[\,fZW`wxW n Sis�Y[pjW`_C�1\,c�s otn c y \,_QY[SCcdW`\�s�� Ø _÷s y W`\�_ y \1�h\,© z \,cdW`VX\�_~Y�b/f
b/_m]
Y[pj\ n cd\,Y[W y b/fGb{]Q}{b�_ y \�s�pmb,}1\7w n _C\�pmb/_m]XWZ_2pmb�_m]X��W`Ydp2YdpC\:W`_Q}1\,_QY[W n _)b/_i]X]~\,}1\,f n{z VN\,_~Y

n/o V n cd\ zmn ��\,c o SCf(WZ_ms�Ydc[SCVX\�_~Y�sÐ� � pC\"VXW y c n s yÐnxz \"b/_i]ÞYdpC\"Y[\,fZ\�s y�n{z \1�K��pCW y p'cd\,} n fZS~Ù
Y[W n _CWZà,\�]"s y W`\,_ y \�W`_"YdpC\�°�Î/Ydp y \,_QY[SCcd|1�xb/c[\�pCW�s�Y n c[W y b/fm\,©jb/V z f`\�s�� � pC\�s y WZ\,_ y \ n�o�n{z Y[W y s
��bxsÁcd\,} n fZSCY[W n _CWZà,\�]"W`_�Y[pj\2°�²{Î � s7UQ|XY[pj\�f�b{sA\,c,�Q��W`Y[p o b/cAÙPcd\�b y pCW`_jw)b zCz fZW y b�Y[W n _ms��
� pC\N]~Wes yÐn }1\,c[| n/o c�b{]~W n b y Y[WZ}~WZY�|�WZ_�YdpC\�°�¸{² � s�wTb,}1\2UCWZc[Ydp'Y n YdpC\�km\,f�] n�o _QS y fZ\�b/c

z pQ|CsAW y s��%�:]~}xb/_ y \�s"W`_%_~S y f`\�b�c,�Ìb/_m]%feb�Y[\,c�� z b�c[YdW y fZ\ z pQ|CsAW y s"sAW`_ y \�YdpC\,_%pmb,}1\�U¥\�\,_

y f n s�\�f`|�f`W`_j�1\�]7Y n ]Q\,}1\,f nxz VX\,_QY�sCWZ_ z b/c[YdW y fZ\�b y�y \,f`\�c�b/Y n c�sÐ�h� y,y \�f`\,c�b/Y n c�smpmb,}1\ o Sjc[Y[pj\,c[\�]

n YdpC\,c�km\,f�]Cs�b{s���\,fZfP��R1|Q_ y pCc n Y[c n _�c�b{]~W�b/YdW n _ o c n V5\,f`\ y Y[c n _ s�Y n c�b�w{\vc[W`_jw1s�Wes�b"UCc[WZw{pQY
s n SCc y \ n�o \,_C\�c[w{\�Y[W y�z p n Y n _ms otn c�©1Ù¼c�b,| y cd|CsAY�b/fZf n w{c�b z pQ|1�C��W`Ydp�b zCz fZW y b�Y[W n _ms�W`_ y f`Sm]QW`_Cw
V�b�Y[\,cdWeb/f�s�s y W`\,_ y \:b�_m]�sAY[cdS y Y[Sjc�b/fhV n f`\ y Sjfeb/c�UCW n f n w{|T�
� pC\ z pQ|CsAW y s n/o U¥\^b/V�s�W`_�b y,y \,fZ\,c�b�Y n c�s:µ n c�b y,y \�f`\,c�b/Y n c z pQ|js�W y s»¶�sAp n ��s�b�c[\,V¡b/c[�1Ù

b/Ujf`\�c[W y pC_j\�s[s n�oKz pC\,_ n VX\,_mbQ���:shb/_�\�©Cb�V z f`\T�ÐY[pj\�c[\ y \,_QY�]~W�s yÐn }1\,cd| n�o ûdUm\�b/V$\ y p n \�sdü
w °x� �yx Wes n _C\ n�o V�b�_~| yÐn pC\,cd\,_~Y�_ n _CfZW`_C\^b/c z pj\,_ n VN\,_mbXsAW`VXWZfeb/c�Y n Y[p n s�\ n UmsA\,c[}1\�]�WZ_
n YdpC\,c�km\,f�]CsÐ�h£�W`Y[p-YdpC\ z \,cdW n ]~W y U n SC_i]Cb/cd| yÐn _m]~W`YdW n _ms n�o b y W`c y SCfeb�c�V�b y pCWZ_C\1��b yÐn SC_QY�Ù
b/Ujf`\�Umbxs�Wes
s�\,YÌb/cdWesA\�s _mb�Y[SCc�b/f`fZ|1�{��pCW y pvWes(b�_2WZ_~Yd\,c[\^s�Y[WZ_Cw yÐn V zmn _C\,_QY n�o YdpC\�Y[pj\ n cd\,Y[W y b/f
b/_i]¤\,© z \,c[WZVX\,_QY�b/fjW`_Q}1\�s�YdW`w1b�Y[W n _��
§ b{sA\,c�s:b�c[\:km_m]QW`_Cw)��We]~\�c�Sms�\-W`_ b y,y \,fZ\,c�b�Y n c�sÐ� � pC\-febxs�\,c z p n Y nQy b/Y[p n ]~\ q g�w{SC_Ë�
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n c-YdpC\ z p n Y n WZ_�Û[\ y Y n c��ÏW�s-b¤s n SCc y \ n/o pjW`w{pÄr1Smb�f`W`YA| \,f`\ y Y[c n _�UCSj_ y pj\�sÐ� � pj\2\�sds�\,_QY[W�b/f

y pmb/c�b y Yd\,c[W�s�Y[W y¤n�o ûdpCW`wxp+r1Smb�f`W`YA|jüÞW�s2Y[pib/Y�Y[pC\ y pib/c[wx\ nQy,y S z W`\�sXbxs�s�V�b�f`f�b�} n fZSCVX\
W`_ z pmbxs�\ s z b y \Nb{s zmn sds�WZUCf`\'µtpCW`wxp z \�b�� y SCc[cd\,_~Y�� f n � \,VXWZY[Y�b�_ y \1�Ëb/_m]�sAV�b/fZf(\,_C\�c[w{|
s z c[\�bx]¥¶��)´7WZw{pÄr1Smb/fZW`YA|�\,f`\ y Y[c n _'UCSC_ y pC\�s�b/c[\)_C\,\^]~\�]�U n Ydp otn c�YdpC\)_C\,©QY:w{\,_j\,c�b�Y[W n _

n/o fZW`_C\�b�c y�n f`fZWe]~\�c�s otn c:pCWZw{p~Ù¼\,_C\�c[w{| z pQ|js�W y sÐ�Gb/_m] otn c-sAp n cdY:��b,}1\,fZ\,_CwxY[p o cd\,\ÐÙ¼\,f`\ y Y[c n _
febxs�\,c�s:µPg É�§�{ s»¶��
§ b{sA\,c yÐn1n fZW`_Cw n/o pC\�b,}Q|·Ù¼W n _ z b/cdY[W y f`\�Um\�b�V�s7pmbxs:U¥\�\,_Ä]~\,V n _ms�Ydc�b�Y[\�] w Æ~� ø x � � pC\

zmn sds�W`UjW`f`WZYA| n�o feb{sA\,c yÐn1n f`WZ_Cw w Ê x � n c n{z Y[W y b/fmsAY nQy pmb{sAY[W y�y�n1n f`WZ_Cw w ÎQ�Ð³ x � n�o \,fZ\ y Y[c n _vU¥\^b/V�s
pmbxsÁUm\,\,_ sASCw{wx\�s�Yd\�]K�
g n c z b�c[YdW y fZ\�Um\�b�V�s n/o }1\,c[|NpCW`wxp'\,_C\,cdw{| ]~\,_msAW`YA|1�mW`Y�Wes�_ n Y z¥n s[sAW`UCfZ\"Y n WZ_~Yd\,c y \ z Y

Y[pj\�Um\�b/V ��WZY[p�b�_~|%V�b�Y[\,cdWeb�fP� Ø _QY[\,c y \ z YdW`_Cw Y[pC\ U¥\^b/V ��WZY[p bÞf�b{s�\�c y b�_�Um\�SmsA\�]
b{s�b�V n _CW`Y n c n�o _mb/_ n VX\,Yd\,c�Um\�b/V�sAW`à,\�s�b�Y7YdpC\�ki_mb/f otnQy Sms n/o b"f`W`_j\�b/c yÐn f`fZWe]~\,c w ¸ x n c
otn cÕs�SCU~Ù z W yÐn sA\ yÐn _i] y pmb/c�b y Yd\,c[WZà�b/YdW n _ n/o YdpC\�UjSC_ y p w ² x ��� n V z b y Y�µPsASCUK¶tÙ z W yÐn sA\ yÐn _m]�©·Ù
c�b,|Çs n Sjc y \�s(Umbxs�\�] n _"f�b{sA\,c z p n Y n _ms(Ydpmb/YÌb/cd\ � p n V¡s n _)Umb y �js y b�Y[Yd\,c[\�]�| o c n VÜb/_)\,fZ\ y Ù
Y[c n _)Um\�b/V w ° �Ro ° ø x b/cd\ z c n VXWesAW`_Cw otn c(Y[WZVX\ÐÙ¼c[\�s n fZ}1\�] z SCV z Ù z c n Um\�©1ÙPc�b,|�\,© z \,c[WZVX\,_QY�sÐ�
´:b�c�] z p n Y n _is7��W`Ydp�° �{�Q} zmn f�b/c[WZà�b/YdW n _ w °,Ê x y b�_ b/fes n Um\ z c n ]~S y \�]K�Ì� zCz fZW y b�Y[W n _ms�Y n
~ o ~¯yÐn fZf`W�]~\,c�s w °,ÎQ�,°/³ x b/cd\ yÐn _msAY[c�b/W`_j\�]MUQ| y c[WZY[W y b/flÙtkm\,f�]%r·Smb�_~YdSCV \,f`\ y Y[c n ]~|~_ib/VXW y s
µ b É u�¶Ì\ÐÚG\ y Y�s w °,¸ oQ�x�yx �

uF�Ru �������Ì�(	�����������/������� ���/��� �

Ø _2YdpCWes�Y[pC\^s�Wes(�Ì\ z cd\�s�\�_~Y�c[\^s�SCfZY�s n/o b-_ n }1\,fGb zCz fZW y b�Y[W n _ n/o \,fZ\ y Y[c n Ù n{z YdW y sdb/V z fZW`_Cw-Y n
VX\�bxs�SCcdW`_Cw"YdpC\�Ydc�b�_ms�WZ\,_~Y�km\,f�]Cs-µªY[pj\��¬b/�1\Ðki\,fe]Cs�¶ o c n V YdpC\ z b{s[sdb/wx\ n�o b2pCWZw{p~Ù y pib/c[wx\
\,fZ\ y Y[c n _)UCSC_ y p�� � pCW�s�VX\^b{s�Sjc[\,VX\�_~YhWesÌb/f`fÃÙ nxz Y[W y b/f¼�1_ n _~Ù¼W`_QY[\�c y \ z Y[W`_jwC�Cb�_m]2VXWZ_CW`V¡b/f`fÃ|
W`_Q}xb{sAW`}1\1�h� zCz f`W y b/Y[W n _ms(WZ_ y f`Si]~\���b��1\Ðkm\,f�] y pmb�c�b y Y[\,cdW`à�b�Y[W n _ n/o s�Ydc[S y YdSCc[\^sÐ�Qb/_m])UCSC_ y p
f`\�_Cw{Ydp¤VN\�b{sASCc[\,VN\,_~Y��
�7_X\,fZ\ y Ydc[W y ki\,fe]Xb zCz fZW`\�]"Y n b�_¤\�f`\ y Ydc n Ù nxz Y[W y7y cd|CsAY�b�f y pmb/_Cwx\�s�YdpC\ zmn f�b/cdW`à�b�Y[W n _ n/o

���n�����4���B�������2�[�]���[���)�d�4�y�B�d���B�2���B�]���B����� �
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Y[pj\"f`W`wxp~Y z bxs[s�WZ_CwXYdpCc n SCw{pÄY[pC\ y c[|js�Y�b�fP��Í�|�b�_mb/fZ|~à�W`_CwXYdpC\ zmn feb/cdW`à�b�Y[W n _ y pmb�_Cw{\T�¥YdpC\
\,fZ\ y Y[cdW y ki\,fe]-Wes VX\^b{s�Sjc[\�]K�ËÍ�\ y b/Sis�\�YdpC\�\,fZ\ y Y[c n Ù n{z YdW y \ÐÚG\ y Yhpmbxs(b o SC_m]jb/VX\,_QY�b�f`fZ| o b{sAY
c[\^s zmn _msA\-Y[W`VN\ n/ohn c�]~\,c o \,V2Y n sA\ yÐn _i]CsÐ�Qb�sAp n cdY�febxs�\,c z SCfesA\:b�_m]�b�YdpCW`_ y c[|js�Y�b�f y b�_XUm\
SmsA\�]�Y n s[b�V z f`\�YdpC\�\,f`\ y Y[cdW y km\�fe]�b�Y�b z b/cdY[W y SCfeb�c YdW`VX\1�Ë�:s Y[pj\�c[\�feb/YdW`}1\�]Q\,feb,|-Um\,YA��\,\,_
Y[pj\�sAp n cdY7f�b{sA\,c z SCf�s�\vb/_m]�Y[pC\-�¬b^}1\ otn c[V9Wes�}xb�c[W`\^]K�~YdpC\-��b,}1\ otn cdV5Wes�VN\�b{sASCc[\�]G�
u7\,}1\,f n{z WZ_Cw�_j\,� Yd\ y pC_CWer1SC\�s n/o Um\�b/V5VN\�b{sASCc[\,VN\,_~Y
Wes�W`V z¥n c[Y�b/_QY otn c o SjY[SCcd\�V¡b^Ù

y pCW`_C\^sÐ�)Í�SC_ y p'f`\,_jw{Y[pÄVX\�bxs�SCcd\,VX\,_QY�s�b�Y�YdpC\ z W yÐn s�\ yÐn _m]Äb/_m]Äs�SCUQÙ z W yÐn sA\ yÐn _m]�f`\�}1\,f
pmb,}1\�b/Y[Ydc�b y Y[\�]Nb�w{cd\�b/Y¬]~\�b�f n/o WZ_~Yd\,c[\^s�Y(cd\ y \,_QY[fZ|1� � pC\-s�Ydc[\�b�� y b/VX\,c�b7pmbxs�b y pCW`\,}1\^]"b
c[\^s n fZSCY[W n _ n�o �x� Ê o s w � Æ x �GY[p n SCw{pÄY[pC\^s�\"]Q\,}~W y \�s�b/cd\"W`_ y cd\�b{sAW`_Cwxf`|�\,© z \,_ms�WZ}1\vb/_m]'W`_~Ù
\ c y W`\�_~Y���W`Ydp o b{sAY[\,c�YdW`VX\�c[\^s n fZSCY[W n _��jb/_m]XYdpC\-Y[\ y pC_ n f n wx|2V¡b^|"Um\-_C\�b�c�W`Y�s z c�b y Y[W y b/f
f`WZVXW`Y�sÐ��ô�Y[pC\,c�cd\ y \,_QY z c n wxc[\�sdsÏpib{s�Sms�\�]:YdpC\ yÐn pC\�c[\,_QY�Y[c�b/_msAW`Y[W n _-c�bx]~Web�Y[W n _XµA� ��q ¶ w � ø x
o c n VÿYdpC\-UCSC_ y p��Q��pCW y p2W�s�W`_XYdpC\ o b�c�Ù¼W`_ o c�b/c[\^]ÞµtVXW`fZf`WÃV)\,Y[\�c�b/_i]¤sASCU~Ù¼VXW`fZf`WZV2\,Yd\Ðc
��b,}1\ÐÙ
f`\�_Cw{Ydpms»¶��ÏY n wx\,Y-W`_ otn c[V�b�Y[W n _Äb/U n SjY"Y[pC\)UCSC_ y pÄf`\,_CwxY[p��N�7_Åb/SCY nQyÐn cdc[\,f�b/Y[W n _ n�o YdpC\

o b/cAÙPWZ_ o c�b�c[\�])f`W`wxp~YÌ��W`Ydp�b���W y pC\�fes n _ n c��'b�c[Y[WZ_~ÙðaÕS z f`\,YdY�WZ_~Yd\,c o \,c n VX\�Y[\,c w � Ê oQ� ³ x wxW`}1\�s
b"UCSC_ y p�f`\,_CwxY[p��mbxs[sASCVXW`_jw"Y[pC\F�[�j���m� n/o Y[pC\-UCSC_ y p ]~W�s�Y[cdW`UCSjY[W n _��Ì´ n ��\,}1\,c��1U¥\ y b/SmsA\
Y[pj\-b/SCY nQyÐn cdc[\,f�b/YdW n _ o SC_ y YdW n _XWesÌs�|QVXVX\,Ydc[W y ���vµ��K¶����� 	¡¢ ¡r£ µB¤�¥¦�K¶ £ µ]¤�¶8§ ¤%�¨�vµ2¥D�K¶��
b�bxs�|QVXVX\,Ydc[W y UjSC_ y pXsApmb z \ y b�_C_ n Y�Um\:c[\ yÐn }1\,c[\�]G� � pj\:s z \ y Y[cdSCV n�o YdpC\�� ��q c�bx]~Web,Ù
Y[W n _)b�f n _j\�Wes _ n Y(\,_ n SCw{p)Y n km_m]�Y[pj\�UCSC_ y p"sApmb z \�U~|vW`_Q}1\,c�sA\�g n SCc[WZ\,c Ydc�b�_ms otn c[V�b�Y[W n _
Um\ y b�Sms�\ n�o VNWes[sAW`_Cw z pmbxs�\)W`_ otn c[V�b�Y[W n _���£�W`Y[p'YdpC\"bx]C]~WZY[W n _ n/o ß�c�b/VX\�c�sðÙðß:c n _CW`w)c[\ÐÙ
feb�Y[W n _ms w � ¸ x b zCz f`WZ\�]XY n YdpC\2� ��q s z \ y Y[cdSCVÈY n cd\ yÐn }1\,c�s n VX\ z pmbxs�\"W`_ otn c[V¡b/Y[W n _��mb�_
b{sA|~VNVX\,Y[cdW y sApmb z \ y b/_�Um\�c[\ yÐn }1\,c[\�]G�·UjSCY�Y[pC\-pC\^b{]9©�Y�b/WZfhb/V)UCW`wxSCW`YA|"cd\,V�b/WZ_msÐ�
�ÿUCSC_ y pÄf`\,_jw{Y[pÅVX\�b{sASCc[\�VX\,_1Y�Umb{sA\�] n _%YdpC\2\�f`\ y Ydc n Ù nxz Y[W y sdb/V z fZW`_Cw�Yd\ y pj_CWer1SC\

Wesvb/YdY[c�b y Y[WZ}1\2Um\ y b/SmsA\XY[pC\NY[W`VN\"c[\�s n f`SjY[W n _ y b�_�Um\XW`_ z c[WZ_ y W z f`\Nb{svs�p n c[Y)b{s�Yd\,_ms n/o
o \,V)Y n s�\ yÐn _m]Cs��(� n bxs[s�SjV z Y[W n _ms�b�U n SCY:YdpC\-UCSC_ y p s�pmb z \�_C\,\^]¡Y n Um\�V�bx]~\1�
ô�SCc-VX\�b{sASCc[\�VX\,_1Y�s�b�fes n wxW`}1\)b�_�\,© z \,c[WZVX\,_QY�b�f�\�s�YdW`V�b�Y[W n _ n�o Y[pj\"��b/�1\ o SC_ y YdW n _

b/_i]ª��f n s[s o b y Y n c otn cvbXÎ^Ù zmn c[Yv}xb y SCSjV y c n s[sÐ�Ç�7f`Ydp n SCwxpÄbXf n Y n�o YdpC\ n c[\,YdW y b�f(\ÐÚ n cdY
b/_i] yÐn V z SCYd\,c(V n ]Q\,f`WZ_Cw7pib{s(Um\,\,_)W`_Q}1\�s�Yd\�]�WZ_ y b/f y SCfeb�Y[WZ_Cw:Y[pj\7�¬b/�1\ o SC_ y Y[W n _ms��1]~W`cd\ y Y
\,© z \,c[WZVX\,_QY�b/fh_QSCV2Um\,c�s:b/cd\X_C\,\^]~\�]K�)£�b��1\Ðkm\,f�]Cs:f`\�bx]�Y n W`_msAY�b/UjW`f`WZY[WZ\�s7W`_Äf`WZ_C\�b�c y�n flÙ
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f`W�]~\,c�sÐ�mµPsAS y p¡b{s�YdpC\:Um\�b�VÿUCcd\�b/�1Ù¼S z W`_msAY�b/UjW`f`WZYA|"b/_i]¡YdpC\�pC\�b{]1ÙPY�b/W`fGW`_msAY�b�UCW`fZW`YA|¥¶h��pCW y p
f`WZVXW`Y�YdpC\-f`SCVXWZ_ n sAW`YA|1�
� pC\�Y[pj\ n cd|�b�_m]"]~\�s y c[W z Y[W n _ n/o Y[pC\Ì\,© z \�c[W`VN\,_~YGWes�w{WZ}1\,_-W`_X��pmb z Y[\,cÕÊ~�1b�_m]�Y[pC\Ìc[\ÐÙ

s�Sjf`Y�s�b/_i]�]~W�s y Smsds�W n _'b�c[\vw{W`}1\�_XW`_Ä��pmb z Yd\,c�Î~� Ø _m]~\ z \�_m]~\,_QY[fZ| n�o Y[pCW�sÁ� n cd�K�mb"w{c n S z
o c n V gÕô��¤Ù Ø _ms�YdW`Y[SjYX} n1n cÖaÕf�b{sAV�b o |js�W y b û q WïÛ[_jp~SCWZà,\,_mü�µ¼�7W`\,SQ��\�w{\,WZ_�� � pC\%��\,Y[pC\�c�Ù
feb�_m]Cs�¶7pib{s�] n _C\�sAW`VXWZfeb�c7\,fZ\ y Ydc n Ù n{z Y[W y sdb/V z f`W`_jwX\,© z \�c[W`VN\,_~Y�s�°mc[\ o \�c[\,_ y \�s:b/cd\2wxW`}1\,_
W`_'R1\ y Y[W n _ Ê~�Z°{�
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� pC\ z c n Û[\ y Y-b�Y�gC\,cdVXW`f�b/U��Q_ n ��_�bxs�YdpC\)��ñõa(p n Y n W`_^Û[\ y Y n c)µ n cv��ñ�a Ø ¶�Wes�b y�n f`f�b/U~Ù

n c�b/YdW n _ n/o sA\,}1\,c�b�f WZ_ms�YdW`YdSCY[W n _ms2¶�Y n�z c n Y n YA| z \"Y[pC\"f n ��Ù¼\,_C\�c[w{|Ös�Y�b/w{\^s n�o b z c n{zmn s�\�]
_C\,©QY�Ù¼w{\�_C\,c�b�Y[W n _�\�f`\ y Ydc n _~Ù zmn s�W`Ydc n _'f`W`_j\�b/c yÐn fZf`W�]~\,c,�C�Q_ n ��_'bxs7Y[pj\ � \,¨ É f`\ y Ydc n _�R1S~Ù

z \,c y�n _m]~S y Y[WZ_Cw § W`_j\�b/c
� y,y \�f`\,c�b/Y n c,� n c ��É R § �+µ¼]~\,Y�b/W`f�sÏV¡b^|�U¥\ otn SC_i]�WZ_�Y[pj\ yÐn _ y \ z Ù
Y[Sib/f�]~\^s�W`wx_'c[\ zmn c[Y,� w � ² x ¶��:�Ü]~c�b^��WZ_Cw n�o YdpC\)��ñ a(p n Y n WZ_�Û[\ y Y n c:Um\�b�VXf`WZ_C\-Wes�s�p n ��_
W`_ g WZw{SCcd\)°{�`°x���7_ n }1\,c[}QW`\,� n�o YdpC\ ��É R § ��]~\^s�W`wx_�Wes�s�p n ��_ W`_ g WZw{SCcd\2°x� � �
�7\,�Èb y,y \,fZ\,c�b�Y n c o b y WZf`W`YdW`\�svb/cd\ yÐn s�Y[fZ|1�Ìs n W`Y)Wes"]~\�sAW`c�b/UCfZ\�Y n pmb,}1\ bÞUjc n bx]÷Sms�\�c

Umbxs�\1��g n c7YdpCWes�c[\�bxs n _��¥YdpC\ ��É R § � z c n Û[\ y Y�pmbxs:b/_ W`_QY[\,wxc�b/Yd\�]X©·Ù¼c�b,| g É�§ Umbxs�\�] n _
s�\�f o Ùðb/V z fZWlkm\^]¤s zmn _QY�b/_j\ n Sms�\�VXWesds�W n _�µARQ��R É ¶ w Æ �yx �"�7_ n Y[pC\�c z c n{zmn s�\�]�sAp n cdY-��b,}1\ÐÙ
f`\�_Cw{Ydp%g É�§ W�s�Y[pC\Nf`W`_j\�b/c yÐn pC\�c[\,_QY�fZW`w{pQYvs n SCc y \Äµ § � § RC¶ w Æ~°x��Æ ��x � � pC\ yÐn _ y \ z Y n/o
Y[pj\ o cd\,\"\,f`\ y Y[c n _'febxs�\,c-�¬b{s�kic�s�Yv]~\^s y cdW`Um\�]'U~|Ö�'b{]~\,| w Æ{Æ x �X��b/VX\�]�U~|Äb�_mb/f n wx|�Y n
Y[pj\ yÐn _Q}1\,_QY[W n _mb/fhr1Smb�_~YdSCV?f�b{s�\�c O �GY[pC\ z p~|js�W y b/fhVX\ y pmb�_CWesAVÈb/Y:� n cd��W`_ Y[pC\)g É¬§ W�s
s�YdW`V)SCfeb�Y[\�]NÍ�c[\,V�sds�Ydc�b/pjf`SC_Cw"c�b{]~W�b/YdW n _ o c n VÈ\,fZ\ y Y[c n _ms�W`_Öb z \,cdW n ]~W y V�b�w{_C\�Y[W y km\�fe]K�
� pC\ n c[| n/o g É�§ n{z \,c�b�Y[W n _ y b/_NU¥\ otn Sj_m]2W`_Ë� otn c�\,©jb/V z f`\1��Y[pj\"°,²x¸{²�c[\�}~WZ\,�±b/c[YdW y fZ\7UQ|
q n Um\,c�s n _Öb/_m]'R z c�b�_Cw{fZ\ w Æ{Ê x �
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a(feb/_is�b/YvY[pC\ ��É R § � � \^s�Y"gmb y W`fZW`YA| otn c"b�Y[\�sAY n�o bÞRQ��R É g É�§ W`_�YdpC\)}{b y SCSCV
SCfZY[c�b,}QW n f`\,Y�pmb,}1\-c[\ y \,_QY[f`|Nb y pCWZ\,}1\�]�s�S y�y \�s[s���W`Ydp�YdpC\�cd\ y \,_QY�cd\ zmn c[Y w Æ{Î x n�o RQ��R É b�Y
b:c[\ y�n c�])s�p n c[YÌ��b,}1\,fZ\,_Cw{Ydp n/o ° � ²�_jV'� � pCWes(VXWZf`\�sAY n _j\�]~\ z \,_i]Cs(\,_~YdW`cd\,f`| n _NY[pC\�pCW`wxp
r1Smb/fZW`YA|2\�f`\ y Ydc n _XUm\�b/V o c n V5Y[pj\�WZ_�Û[\ y Y n c z c n }QWe]~\�]XUQ|�gC\,c[VNW`feb�U��
� pC\+cd\�r·SjW`c[\�VX\,_1Y�s otn c%YdpC\ z p n Y n W`_�Û[\ y Y n c±b�c[\¯]~\,V�b�_m]~W`_jwC� Í�\ y b/SmsA\ n�o YdpC\

� n Sjf n V)U�cd\ z SCf�s�W n _ n/o Y[pj\¤\�f`\ y Ydc n _ms2µtY[pC\�s z b y \ y pmb�c[w{\ otn c y \{¶-Y[pC\NU¥\^b/V®Yd\,_m]Cs�Y n
UCf n � W`Y�s�\,f o S z �)�:s7YdpC\"\,fZ\ y Y[c n _ms�b/c[\Nb y�y \,f`\�c�b/Yd\�]¤cd\,feb�Y[WZ}~W�s�Y[W y b/fZf`|1�CYdpC\)s z b y \ y pib/c[wx\

otn c y \"Wes y b�_ y \,fZf`\�] b{s ~ ¢ ¶"µª��pj\,c[\ ~ �îp�ï�ðasd¶Ð¶�� � pCW�s y b�_'U¥\"Ydp n Sjw{pQY n�o W`_�YdpC\"feb�U
o c�b�VX\Nb{s"b�V�b�w{_C\,YdW y�otn c y \ o c n V®Y[pj\XUm\�b/V y SCcdc[\,_QY���pCW y p z W`_ y pC\�s:YdpC\�U¥\^b/V�b/_m]

n{zjz¥n s�\�s�Y[pj\-s z b y \ y pib/c[wx\1� n c�W`Y yÐn SCf�]2Um\-Y[p n SCw{pQY n/o b{s�û o c[\,\,à�W`_Cw n SCY�ü n�o YdpC\:Um\�b/V
V n Y[W n _ o c n VÝY[W`VN\"]~WZfeb/Y�b/YdW n _Ë�¡��fZ\�b/cdf`|1�GV n sAY n�o YdpC\2\�VXW`YdY�b/_ y \-w{c n ��Ydp o c n V s z b y \

y pmb/cdw{\ nQy�y SCc�shW`_�YdpC\�f n ��ÙP\,_j\,c[wx| zmn c[Y[W n _ n�o Y[pC\¬b y,y \,f`\,c�b/Y n c,� � pCW�s Wes���pQ|�YdpC\�WZ_�Û[\ y Y n c

z cd\�s�\,_QY�s�b y pmb/fZf`\,_Cwx\ otn c�V¡b/W`_QY�b�W`_CWZ_Cw�pjW`w{p�Um\�b�VÈr·Sib/f`WZYA|1�
� pC\']Q\�s�WZw{_ n/o Y[pC\ W`_�Û[\ y Y n c)Wes)]~\�s y c[WZUm\�]�U~|�� n fZU~| w Æ·³ x ��b/_i]÷Y�� n�y�n{z WZ\�s��Ì\,c[\

UCSCWZf`Y�ñ n _j\(��bxs sA\,_~Y�Y n u É R1� otn c�Sms�\Ìb�Y YdpC\ ��É R § � � \�sAYhg¥b y W`fZW`YA|1��b/_m] n _C\�c[\�V�b/WZ_C\�]
b/Y�gi\�c[VXWZfeb/U otn c-]~\^]~W y b�Y[\�]X\,© z \,c[WZVX\,_QY�s�� q \^s�SCfZY�s n/o YdpC\ z p n Y n WZ_�Û[\ y Y n c�b/cd\"w{W`}1\�_¤WZ_
��pmb z Y[\,c¬Æ~�(£Ä\:W`_ y f`Sm]Q\�b/fes n WZ_¤��pmb z Y[\�c�Æ z p n Y n \,VXWesds�W n _�sAY[Sm]~WZ\�s(Sms�WZ_Cw2�Ìs ¶ � \T� � pC\
z p n Y nQy b�Y[p n ]Q\ z c[\ z b/c�b�Y[W n _ y pmb�V2Um\,c���bxs z c n }~W�]~\�]XUQ| Ø �:g(�ÁÙð��W`f�b/_ n �
� pC\ z p n Y n W`_�Û[\ y Y n c���b{s�Y[\�sAY[\�]���W`Y[p Um\�b/V�Sms�WZ_Cw�b2f�b{s�\�c-s�|js�Yd\,V yÐn _QY[cdW`UCSCYd\�]¤UQ|

n Sjc:w{c n S z µ o c n VÈYdpC\ � _jW`}1\,c�s�W`YA| n�o q nQy pC\�s�Yd\,cÐ¶�����]Q\�s y cdW z YdW n _ n/o Y[pC\vfeb{sA\,c�s�|js�Y[\�V'�
W`_ y f`Sm]QW`_CwvY[\,V zmn c�b/f z SCfesA\�sApmb z W`_Cwj�CWes�]~\�s y c[WZUm\�]XW`_'��pmb z Y[\,c � �
R1Y[Si]~W`\�s n/o V¡b/w{_j\,Y[W y UjSC_ y p yÐn V z c[\�sds�W n _ otn c�YA� n ]~WlÚG\,cd\,_QY f�b{s�\�c z SCf�s�\�f`\�_Cw{Ydpms(b/cd\

w{WZ}1\,_XWZ_Þ��pib z Yd\,c ø �
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� pC\-febxs�\,c z p n Y n W`_^Û[\ y Y n c y b/_�_ n �þUm\�cd\,w1b�c�]~\^]¤bxs7b�V¡b/Y[Sjc[\:Yd\ y pj_ n f n w{| otn c�Y[pj\ z c n Ù
]~S y Y[W n _ n/o pCWZw{p~Ùðr·Sib/f`WZYA|M\�f`\ y Ydc n _÷Um\�b/V¡sÐ�$�7SCVN\,c n Sms�w{c n S z s�W`_ y f`Sm]~WZ_CwÄY[p n s�\Ä]~\ÐÙ
s y c[W`Um\�]ÄW`_ q \ o s�� w Æ{¸ o ø �yx pmb,}1\ yÐn _msAY[cdS y Y[\^]�s�SCWZY�b�UCf`\)febxs�\,c�sÐ� � pC\�s�|js�Yd\,V�]~\�s y c[W`Um\�]
pC\,cd\:Wes�]QWlÚG\,c[\�_~Y o c n V9V n s�Y�WZ_�Y[pC\:Sis�\ n/o
z SCf�s�\-Y[c�b/W`_isÐ� � pC\-febxs�\,cÌWes�SmsA\�] otn c z p n Y n Ù

y b�Y[p n ]~\v\,© y W`Y�b/Y[W n _�bxsÁ�Ì\,f`fËb{s�\,f`\ y Y[c n Ù n{z YdW y sdb/V z fZW`_Cwj�
ô�SCc�wxc n S z ]~\�sAW`w{_j\�]�b�_m]�UCSjW`f`Y-YdpC\ z SCfesA\XY[c�b/W`_Äfebxs�\,cvsA|CsAY[\,V otn c z p n Y nQy b�Y[p n ]Q\

]~cdW`}1\ n�o YdpC\:�-ñ�a(p n Y n WZ_�Û[\ y Y n c w ø Æ x �(� yÐn SC_~Yd\,c z b/c[Y�wxc n S z�o c n V9�'b/©ÇÍ n cd_ Ø _msAY[W`YdSCY[\
w ø � � øxø x yÐn _~Ydc[W`UjSCY[\�]ÄbXfebxs�\,c-Y n ��� g b�Y"u7\�SCY y pC\�s É fZ\,�~Ydc n _C\,_msA|~_ y pCc n Y[c n _±µPu É R1�v¶
´:b�V2UCSjc[wC�ÌÍ n Ydp'w{c n S z s�pmb{]�W`_ y�n VXV n _XY[pj\�w n b/f n�o�z c n ]~S y WZ_Cw�b"feb{sA\,c z SCfesA\�Ydc�b/WZ_
��W`YdpXY[pj\2°-�'´�à7VXW y c nxz SCf�s�\�s(V�b��~WZ_Cw-S z Y[pC\-¸ �{� z SCf�s�\:Ydc�b/WZ_ÄµPs�\�\-g W`wxSCc[\ � �`°�¶Ìs z \ y Ù
Wlki\�]XW`_�Y[pC\ ��É R § �$]~\�sAW`wx_�c[\ z¥n c[Y w � ² x �
£�\N]~\ z b/c[Yd\�]'W`_Ås�\,}1\,c�b/f(�1\�|�c[\^s z \ y Y�s o c n VÝYdpC\X�'b�©ÄÍ n cd_ Ø _msAY[W`YdSCY[\"wxc n S z � Ø _

z b�c[Y[W y SCf�b/c,��YdpC\,|�Sis�\)�:])- � § g÷Y[pjc n Sjw{p n SCY,��ô7Sjc�wxc n S z { s-\,© z \�c[W`\�_ y \-��W`Ydp��:]<- w{f�b{sds
febxs�\,c�s otn c�Y[pC\"R § �:� É Ù�° øxø \,© z \,c[WZVX\,_QY w °�¸ oQ�x�yx �Kb�_m]¤\,©QWesAY[WZ_Cw�\�r1SCW z VX\,_QY o c n VÈY[pmb�Y
\ÐÚ n cdY�f`\�]-Sms Y n YdpC\ y p n W y \ n�o wxfeb{sdsÐ� Ø _"bx]C]~WZY[W n _��1��\�]~\^s�W`cd\�]�YdpC\�s�p n c[Yd\,c z Sjfes�\���W�]~Y[pis
b,}xb/W`f�b/UCfZ\"��W`Ydp�wxfeb{sds otn c�\�}1\,_~YdSmb/fh\,© z \,c[WZVX\,_QY�sÐ� � pC\ zmn1n c[\�c�Y[pj\,c[V�b�f z c n{z \,cdY[WZ\�s n/o
w{f�b{sdsÁVX\^b/_QY�b y�y \ z YdW`_Cw)b�f n �Ì\,c-µ[°-´�à{¶�V�b y c n{z SCfesA\:c[\ z \,YdW`YdW n _Nc�b/Yd\1�
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�7_ n Y[pC\,c�V n Y[WZ}xb/Y[W n _ otn c�Y[pC\ y p n W y \ n�o wxfeb{sdsÁW�s�Y[pmb�Y7YdpC\ yÐn s�Y�Wes�f n � yÐn V z b/cd\�]2Y n
� § g�b�_m]�W`Y�b/fZf n ��s:s y b/feb�UCW`fZW`YA|XY n pCW`wxpC\,c z SCfesA\�\,_C\�c[w{WZ\�s�U~|Öb{]C]~WZ_Cw�sAS y,y \�sds�WZ}1\�wxfebxs[s
b/V z f`WÃkm\,c�s����÷sAW`_Cwxf`\Ìw{Web�_~Y z SCfesA\���WZY[p�\�_C\,c[wx| n/oGn c�]~\,c�° � W`_�YdpC\ ØAq yÐn SCfe]�Um\�Sis�\�] otn c
\,© z \,c[WZVX\,_QY�s�SmsAW`_Cw z W yÐn s�\ yÐn _m] ó Ù¼c�b,| z SCfesA\�s7UQ| � p n V�s n _Äs y b�Y[Y[\�c[W`_jw w ¸ o ° ø x � n c otn c
b"feb{sA\,c�Ù z f�b{s�V¡b"b y,y \�f`\,c�b/Y[W n _X\�© z \,cdW`VX\,_QY w ø Ê x �Ì�7_�S z wxc�bx]~\�Y n ° � z SCfesA\�sÁW�s zmn s[sAW`UCfZ\
otn c n SCc)feb{sA\,c)s�|js�Yd\,V®��WZY[p%Y[pC\ bx]C]~W`YdW n _ n�o b'feb�c[wx\�b z \,c[YdSCc[\�à,WZw{à�b�w��:]<- w{f�b{sds"s�feb�U
b/V z f`WÃkm\,c w ø Î x �
Ø Y�Wes�]~\�sAW`cd\�]2Y[pib/Y�\�b y p z SCf�s�\-W`_�YdpC\-f n _jw z SCfesA\-Y[c�b�W`_�Um\ n/o Y[pC\vs[b�VX\-b�V z f`WZY[Sm]Q\1�

Y[pib/Y"Wes�� YdpC\ z SCf�s�\XYdc�b�W`_%pmb{s"b�c[\ y Y�b/_jw{SCf�b/c"\,_Q}1\,f nxz \1� � pj\Xw1b�W`_ n/o YdpC\�b/V z f`WÃkm\,c�s��
p n ��\�}1\,c,�KW�s7_ n Y yÐn _ms�Y�b/_QY�WZ_�YdW`VX\-UCSjY�]Q\ z \,_m]Cs n _ÄY[pC\ z SCV z z c n kmf`\T� s zmn _QY�b/_j\ n Sms
\,VXW�s[sAW n _Ë��b/_m]�wTb/W`_)]Q\ z f`\�Y[W n _ o c n V b/V z f`Wlk y b/YdW n _Ë���M\,_Q}1\,f n{z \ÐÙðs�pmb z W`_Cw�s y pC\,VX\(Sis�W`_jw
\,fZ\ y Y[c n Ù n{z YdW y f n s[s�V n ]~Sjfeb/YdW n _XUm\ otn cd\�YdpC\-b�V z f`WÃkm\,c�sÕW�s�]~W�s y Sis[s�\^]2W`_�Y[pj\-]~Wesds�\,cdY�b�Y[W n _

n/o ��� q �
gicd| w ø ³ x � z cd\,}~W n SmsAf`| o c n V n SCc"w{c n S z � Ø _CW`YdWeb/fZf`|1�hY[pC\¡b^}1\�c�b/wx\X\,_Q}1\,f nxz \2W�s
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\ÐÚG\ y Y�sÐ��Um\ y b�Sms�\)Y[pC\ z SCfesA\2W�s7SC_CW otn c[VNf`| s�Ydc[\,Y y pC\^]'b/_m]'pmb{s-_ n s z b�Y[W�b/f y pjW`c z �"�7fes n �
Y[pj\�s z b/YdWeb�f�V n ]~\-Wes y fZ\�b/_j\�]2Y n b z \�c o \ y Y ��É �'&�&vµ�¢�b�Sms[sAWeb/_G¶�V n ]Q\1�
� pC\ n SjY z SCY z SCf�s�\�s o c n V$YdpC\�V n ]Q\ÐÙPf nQy �1\^]���])- � § g n s y WZf`feb�Y n c(b�c[\ n�oGn c�]Q\,c�° �x� z s��

��W`Ydpþb%s z \ y Ydc�b/f-Umb�_m]~��W�]~Y[p n/o � �ýÎ oQ� �ý²�_CV'� � o Y[\�cXY[pC\ÄsAW`_Cwxf`\ÐÙ¼V n ]~\�kmUm\,cÄµP²p�KV
yÐn c[\Ä]~W�b/VX\,Yd\,c,� � � � �QV fZ\,_Cw{YdpK¶���Y[pC\ z SCfesA\�s z \ y Y[c�b/f:Umb�_m]~��W�]~Y[pþpmb{s�W`_ y c[\�bxs�\�]÷Y n
� � Æ2_CVÝµtYA| z �Ã¶��mb�_m]�Y[pC\ z SCf�s�\�fZ\,_CwxY[p�pib{s7Um\,\,_Ös�Ydc[\,Y y pC\^]¡Y n Æ �x�6o Æ{Î � z s�g £þ´:� b{s
VX\�bxs�SCcd\�]:��W`Ydp"b:Î�¢�´7à z p n Y n ]~W n ]~\-ß�b�_m]"b o b{s�YÕ]~W`wxW`Y�b�fCsdb/V z f`W`_jw n s y WZf`f n s yÐnxz \1� � � pC\
V n s�Y�SmsA\ o SCfh]~W�b/w{_ n s�YdW y:n/o Y[pC\ n s y W`fZfeb�Y n c�W�s�Y[pC\vs z \ y Y[cdSCVÈb o Yd\,c�Y[pC\:kmUm\,c�Y n V n _CW`Y n c
Y[pj\�WZ_ y cd\�b{sA\�]�s z \ y Ydc�b/f�Uib/_m]~��W�]~Y[p o c n VÈs�\,f o Ù z pmb{sA\�V n ]~SCfeb�Y[W n _��

BDC�BDC�à áâL�wr\zZDSP�6JxL�H��
Í�\ y b�Sms�\ n/o Y[pC\ y c[WZY[W y b/f o SC_ y YdW n _ n�o Y[pC\ n s y WZf`feb�Y n c7��WZY[pCWZ_'Y[pC\ n }1\,c�b/f`fhsA|CsAY[\,VÖ�¥YdpC\,c[\
b/cd\vs�\,}1\,c�b/fË]~\�]~W y b/Yd\�]�]~Web�w{_ n s�Y[W y s�Y n V n _CW`Y n c�b/_i] nxz Y[WZVXW`à�\7YdpC\ n s y W`f`f�b/Y n c,�
� z p n Y n ]~W n ]Q\�b�Y2YdpC\�\,_m] n�o Y[pj\ n s y W`fZfeb�Y n c y b^}QW`YA|ÄV n _jW`Y n c�s�YdpC\�fZW`w{pQY"f`\^b/�QW`_Cw

Y[pjc n Sjw{p�Y[pC\�pCW`wxp¤cd\��m\ y Y�b/_ y \ y�n b/Yd\�] y Sjc[}1\�]"\,_m]2VNW`c[c n c�� � pC\-sAY�b�_m]Cb/c�] z p n Y n ]QW n ]~\
WesÌb"s�WZf`W y�n _ z ÙPWÃÙP_¡]~W n ]~\ w Î �yx ¶(V n SC_QY[\�]"W`_�bv]~WesA�·Ù¼f`WZ�1\:b�f`SCVNW`_QSCV$p n SmsAW`_CwN]~\�sAW`wx_C\�]2Y n
n{z Y[W`VNW`à,\ÌY[pC\-s z \,\�] n�o Y[pC\�c[W�s�W`_jw�\�]~wx\ w ÎxÆ x � q Wes�\�Y[W`VN\�s n�o °�_ms��Ì\,c[\�YA| z W y b�fP�{\,}1\�_ otn c
°7¨¯s�WZw{_mb�fes�WZ_~Y n bvÊ � �÷f n b{] µPb y SCc[cd\,_~Y�cdWes�\�Y[W`VN\ n _NY[pC\ n c�]~\�c n/o � ��° ��ã �7V z ©^s�\ y ¶��
�?sA\ yÐn _m] z p n Y n ]QW n ]~\Åb o Yd\,c2YdpC\ n{z YdW y b�fÁkiU¥\�c2�¬b{sX]~\^]~W y b�Y[\�]�Y n Y[pC\ Y[WZVXW`_CwÇÛ[W`YdY[\,c
s�S zCz c[\^s[s�W n _ o \,\�]~Uib y �'s�|js�Yd\,VÝ]Q\�s y cdW`Um\�]�WZ_MR1\ y Y[W n _ � � � � Æ~�"�:]j]~W`YdW n _ib/f z p n Y n ]QW n ]~\�s
b/cd\-Sms�\�] otn c�a nQy �1\,f�s y \,fZfKYdW`VXWZ_CwC�
� o Y[\�c�Y[pj\ z SCf�s�\ s�\,fZ\ y YdW n _Åa nQy �1\,fes y \,fZfP��Y[pC\�cd\AÛ[\ y Yd\�]ÞfZW`wxp~Yv��b{s"b,}xb/WZfeb�UCf`\XY n ]~WlÙ

b/wx_ n sAY[W y s n/o YdpC\ n s y WZf`feb�Y n c-s z \ y Ydc[SCVÖ���ìwxc�b/YdW`_Cw s z \ y Y[c n VX\,Yd\,c y�n _msAWes�Yd\�] n/o b�km©Q\�]
s�fZW`Y��Cb"f`\,_ms���pjW y p¤WZV�b/wx\�]XY[pC\vsAf`W`Y n _~Y n b"w{c�b/YdW`_Cwj�Kb�_m]�b)s�\ y�n _m]Xf`\�_ms���pCW y p�W`V�b�w{\�]
Y[pj\�]QWlÚGc�b y Y[\�]Äf`W`wxp~Y n _QY n b z W`©Q\,f¬b/c[c�b,|�µ É ¢�ä�¢ q \,Y[W yÐn _K¶�� � pC\�}~W�]~\ n Y[c�b y \ o c n V
å[º��B�]���.Ã�¿[Ò�È��dÝ��2À-�ÎæXù�údÀ<»3�ý����½+ÒaùXÉç ç	��ÙR�B�]�d����Ô�ÜdÜÓûdÝyÜ�Õ����BÅ Ï�Í È«í�ât�y�º¹y�[È��º�è�Øí�ÝPæXù�úF�
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Y[pj\'b/cdc�b,|÷�¬b{sX]QWes z feb,|1\�] n _¯b/_ n s y WZf`f n s yÐnxz \1��s�\�\'g WZw{SCcd\ � � Î~µ¼Í7¶�� � pj\'c[\�s n f`SjY[W n _

n/o Y[pC\�w{c�b/YdW`_CwÅs z \ y Ydc n VX\,Y[\�c���bxs�VN\�b{sASCc[\�]ÄU~|�YdSCc[_jW`_Cw n Ú+YdpC\ q g zmn ��\,c"Y n YdpC\
b y�n SmsAY n Ù n{z Y[W y V n ]Q\ÐÙPf nQy �1\�c�s n Y[pmb�Y�Y[pC\ n s y W`f`f�b/Y n c��¬b{s o cd\,\ÐÙ¼feb{sAW`_Cwj��R1W`_ y \7YdpC\ yÐn _~YdW`_~Ù
S n Sms�f�b{s�WZ_Cw n/o �:]<- � § g÷pmbxs�b s z \ y Ydc�b/f���W�]~Y[pÄV2S y p _mb/cdc n ��\,c-Ydpmb/_�YdpC\)c[\�s n f`SjY[W n _
n/o YdpC\"W`_msAY[cdSCVX\,_QY,�QY[pC\"cd\�s�SCfZY[WZ_CwXs z \ y Y[cdSCV?W�s Û[Sis�Y:YdpC\"W`_msAY[cdSCVX\,_QY�cd\�s n f`SCYdW n _Ë� � pC\

o SCfZflÙ¼��We]~Ydp'b/Y�pmb/f o V¡b/©QW`V)SCVÈµPg £þ´���¶��¬b{s:b zCz c n ©QW`V�b�Y[\,fZ| � � ø � _jV'�¥��WZY[pÖb2��We]~\�c

z \�]~\�sAY�b�fP� z c n Umb�UCf`| o c n V�b/Um\,cdc�b�Y[W n _ms�W`_�Y[pC\-fZ\,_ms�\^sÐ��µPsA\,\-g WZw{SCcd\ � �ýÎQµP��¶��l¶
� yÐn VNVX\,c y Web/fQô z Y[W y b/fKR z \ y Y[cdSCVÜ�7_ib/f`|Qà,\,cÌµ�ô-RQ�-¶ �¬b{s�b/f�s n SmsA\�]�Y n V n _CWZY n c YdpC\

s z \ y Y[c[SjV n/o Y[pC\ n s y WZf`feb�Y n c ã � � pjWes"]~\,}QW y \XWes"b's y b/_C_jW`_CwÄw{c�b/Y[WZ_Cw'V n _ nQy pjc n V¡b/Y n c,�
]~\�sAW`wx_C\�] otn c�b�cd\�s n f`SCYdW n _ n/o � � � ¸�Y n � �`°-_CV'�C��pCW y p b�w{c[\�\�sÁ��WZY[p�Y[pj\�s z \ y Y[c�b/fh��We]~Ydp
VX\�bxs�SCcd\�] otn c-YdpC\ o cd\,\"febxs�WZ_Cw n s y W`f`f�b/Y n c)µPg WZw{SCcd\ � � Î~µ���¶�f`WZ_C\�b/c�s y b�f`\1��b�_m]÷µ É ¶�f n w1b,Ù
c[WZY[pCVNW y s y b�f`\{¶�� � pC\�s z \ y Ydc[SCV n/o Y[pC\�V n ]Q\ÐÙPf nQy �1\^] n s y WZf`f�b/Y n c�b o Yd\,c(YdpC\�kmUm\,c(W�s(s�p n ��_
W`_Ng WZw{SCcd\ � �ýÎ~µ¼u�¶(fZW`_C\^b/cÌs y b�f`\�b/_m] µPg�¶hf n w"s y b/fZ\1� £Åb,}1\ otn cdV�s b�_m]2VX\^b{s�Sjc[\,VX\�_~Y�s y b�_
Um\2cd\�b{] n }1\,c"¢�a Ø Í:��sAS y p�bxs�YdpC\ n s y W`f`f�b/Y n c-Umb/_i]~��We]~Ydp�gh£þ´:� µ o SCf`f(��W�]~Y[pÅb/Y-YdpC\
ÙðÆ2]CÍ zmn WZ_~Y�¶�� � pC\-_ n Wes�\o� n1n c�Wes�b zCz c n ©QW`V¡b/Y[\�f`|�Ùd³ � ]CÍ�VÝµ � �`°-_C£Åb/Y[Y�¶��
� pC\vs�Ydc[\,Y y pC\^]K� y pCW`c z \�] n s y W`f`f�b/Y n c z SCf�s�\�s n SCY n/o Y[pC\:kmUm\,c��Ì\,c[\ yÐn V z c[\^s[s�\^]2U~|¡b

z b�W`c n�o w{c�b/Y[WZ_Cw1s����Üc n Y�b�Y[W`_jw/Ùðb/c[V yÐn _QY[WZ_~S n SmsðÙ¼��b,}1\)b�SCY nQyÐn c[cd\,feb�Y n c�µA��£Ä����¶�VX\^b^Ù
s�Sjc[\�]�Y[pj\�b�SCY nQy�n c[cd\,feb�Y[W n _ n�o YdpC\ yÐn V z c[\�sds�\�] n s y W`f`f�b/Y n c z SCf�s�\�s w Î ø x � � pC\'��£Ä�:�
Y[c�b y \�Wes�b:w n1n ]�]~W�b/wx_ n sAY[W y�n/o YdpC\�r·Smb�f`WZY�| n�o Y[pC\ y pCW`c z b�_m]"\,© z b/_msAW n _ o c n V Y[pC\�kmUm\,c��
s�WZ_ y \-b"_ n _Cf`WZ_C\�b/c y pCWZc z wxW`}1\�s�f�b/c[wx\-SC_ yÐn V z c[\^s[s�\^]2��W`_CwTsÐ� n c z \�]~\^s�Y�b�fes��CW`_�Y[pC\ yÐn V2Ù

z cd\�s[sA\�] z SCfesA\1�)´ n ��\,}1\,c�Y[pjWes:Wes7_ n Y�_j\ y \�sds[b/cdW`fZ|'b/_Åb y�y SCc�b�Y[\)c[\ z c[\�sA\,_~Y�b/YdW n _ n�o YdpC\
b/V z f`WÃkm\�] yÐn V z c[\�sds�\�] z SCf�s�\1�hU¥\ y b/SmsA\ n/o w1b/WZ_�_mb�c[c n ��WZ_CwC� Ø _ög W`wxSCc[\ � �ý¸��Ì\�s�\,\¡b
��£Ä�:�%Y[c�b y \ otn c���pCW y pNY[pC\-W`_ o c�b/cd\�] z SCf�s�\:W�s:°{�ý¸ z s7g £þ´��®µPb{sds�SCVNW`_CwÇb¡¢�b/Sis[s�W�b/_

z SCf�s�\�s�pmb z \1�1Y[pC\�VX\�bxs�SCcd\�]�w{cd\,\,_"��We]QY[p n/o � �ýÊxÎ z s�g £þ´:�5W�s�]QW`}QWe]~\�]�UQ| ¡ � ¶��
� n Yd\
Y[pj\,c[\�WesÌb/fes n b�UCc n bx] z \�]Q\�s�Y�b/fP��RTW`VXWZfeb/cÕb/SCY nQyÐn cdc[\,f�b/Y[W n _X��W�]~Y[pis�pmb,}1\7Um\,\,_ n UCY�b/W`_j\�]é ÒF�4�[��ÙR���[Õ�����¼����4�]Å��4���'���F�[�X�BÅ���ù���Õ������]��ÈBê.����Ùd�[�B¼�ùXêA»dÝ�ê3��Ü»�ëº����B���2��� Ï �Ì���»�B�B¹y� ���Ì�[��×Rú�����Ø�]�d�þÃý��ê.���BåR¹������������A�Ø½+¾���¿~�»�
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½+���d¹��]��í���»�æ Ï �ÆÅy���h���B���<¼y�Æ�ÓÕ������X�[�Q�BÅ����»�d�R�B���R¹��d¹y��È�Õ;�ÓÂ��;��¹��B�R�����B�B�»�ü���B���a�Ø�)Ò������»�[ç�Å����º�y��¹��	¸Ì�Ó�[��Ë�v�X���X¼���Â'��¼��»¼M¸R×M��¸ �2�[���B�������B�]���P� è¾�X���R�B���zìÌÔR��¼^���B� ����¼F�4Âd���B�Ë�[¸y�º�ý¼����Ë�Ó×M�[�]�����ä���B���Æ���B��������Ë�[�«�Ø�d�]�í�Ø���»�Ìç�Åy�Û¸Ì�2���4�X�[�B�Û�»�B�d�]�B��¼^�����Û�
�'�»¹��X�º�F�D¿Q��Ç�º Ñ �»�B×R�B���[�a� Í �»À8�[�y¼M�]Å��t���B���»�F�º����Å'�����¼����]�����]��¼M¸R×D����Åy�d�B���Û¹����B�����������	�B¹�¸ �D�
½x��� �Ø�B�»���[�D���R�Ø�Æ���B��¼6ÈÖ¸����R��ÙR�º�y�rìÌ���]���r� Î �»�
otn cvY[pC\Nb/V z f`WÃkm\�] z SCfesA\2SmsAW`_CwÖb�sAY[\ zCz W`_CwÖb/SCY nQyÐn cdc[\,f�b/Y[W n _�VN\�b{sASCc[\,VN\,_~Y��2µ¼g W`wxSCc[\^s
� �Z°,Î)b/_m] � �Z°/³{¶
�Ü]~Web�w{c�b/V n/o Y[pC\X��£Ä�:�þWes:sAp n ��_�WZ_Äg W`wxSCc[\ � �l³N�ÜÊ � ©�Ê � Um\�b/V¡s z fZW`Y[Yd\,c�s�\,_m]js

f`WZw{pQY�Y n b¤km©~\^]M]Q\,feb,|Åb/c[V b/_m]%b�}xb/cdWeb/Ujf`\ ]~\,f�b^|Åb/cdV'� ��pjW y p�Wes"b�VXWZc[c n c z b/W`c n _
b�YdSCc[_QY�b�UCf`\ s z W`_C_CWZ_Cw%b�Y�°�Æ~�ýÊÅ´7à1� � pC\'YA� n Um\�b�V�s�\,_QY[\,c n Ú b/©QWes"W`_±b otnQy Sis[s�WZ_Cw
f`\�_msÐ��b�_m] y c n s[s)\�b y p n Y[pC\,c¡b/YNb otnQy Sms2WZ_�b�YdpCW`_±f`WZY[pCWZSCV®W n ]jb/Y[\%µ § W Ø ô4OÐ¶ y c[|js�Y�b�fP�
� pC\ y c n sds�W`_jw�b�_Cw{fZ\ n/o Y[pC\"YA� n U¥\^b/V�s:b�f`f n ��s z pmb{sA\"V�b/Y y pj\�]¤_ n _~Ù yÐn fZf`W`_j\�b/c-sA\ yÐn _m]
pmb�c[V n _CW y w{\,_j\,c�b�Y[W n _�µ3î� | ��î� ¶ �ïî� O,¶�� � pC\)c[\^s�SCfZY�b/_QY�wxc[\,\�_�sAW`w{_ib/f�Wes:Umb y �Qw{c n SC_i]·Ù
o c[\�\Äb/_m]�WesX]Q\,Y[\ y Y[\�]÷��WZY[pþb z p n Y n V)SCfZY[W z f`W`\�c"Y[SCUm\±µPa�� � ¶Nb/_m]þ]~Wes z feb,|1\�] n _$b�_

n s y W`fZf n s yÐnxz \T�(�MYdc[WZw{w{\�c otn c(YdpC\�s yÐn{z \�W�s o c n VÜb z p n Y n ]QW n ]~\vµª_ n Y�s�p n ��_G¶ Ydpmb/YÕ]~\,Y[\ y Y�s
bXsAY[c�b,|�f`WZw{pQY7Um\�b�V�b/Y n _C\ z b�c[YdW y SCf�b/c�b/_Cwxf`\ n�o Y[pC\vc n Y�b/YdW`_Cw¡s�Y�b�w{\1� � pj\�km©Q\�]�]Q\,feb,|
b/cdV$WesKV n SC_~Yd\�] n _Çb7sAp n cdY(f`WZ_C\�b/chsAY�b�w{\���W`YdpvbÁVXW y c n VX\,Yd\,c,� Ø YhWesKSmsA\�] otn c y b�f`WZUCc�b�Y[W n _
b/_i]¤Y n)y \,_~Yd\,c�YdpC\ z SCf�s�\ n }1\,c[f�b z W`_�Y[pj\�fZW`_C\^b/c�Ydc�b,}1\,f z¥n c[YdW n _ n/o YdpC\-c n Y�b/YdW`_CwNs�Y�b/wx\1�
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Ø _ n c�]~\,c�Y n s�\�f`\ y Y z SCf�s�\�s o c n V�YdpC\ n s y W`f`f�b/Y n c otn c�b�V z fZWlk y b�Y[W n _��xb o b{s�Y nxz Y[W y b/fmsA��W`Y y p~Ù
W`_jw"\,f`\,VN\,_~Yh� n SCfe]Xpmb,}1\:Y n ]~Wes y c[WZVXW`_ib/Y[\�Um\,YA�Ì\,\,_�bx],Û�b y \�_~Y z Sjfes�\^s7° � �ýÆ"_ms�b z b/c[Y����
s�\ yÐn _m] o bxs�Y n{z Y[W y b/f�sA��W`Y y p'Wes�c[\�r1SCW`cd\�] otn c:Y[pj\"V2SCfZY[W z b{sds7b�V z f`WÃkm\,c�� Ø Y�s o Sj_ y Y[W n _'W�s
Y n Ydc�b z W`_^Û[\ y Y[\^] z SCfesA\�s(W`_QY n YdpC\ y b,}~WZY�| otn c�b�V z fZWlk y b�Y[W n _�UQ| > c n SC_m]"Y[c[W z s�b/_m]"Y[pj\,_
Y n \AÛ[\ y Y�Ydp n sA\ z SCfesA\�s y f`\�b�_Cf`|T� Ø _Öb{]C]~WZY[W n _��mY[pC\ ��É R § �Ü]~\�sAW`w{_ n�o UCSCc�s�Y�s n�o °"�'´7à

z SCf�s�\�s�� n SCfe]2cd\�r1SCW`cd\7Ydpmb/YÌY[pC\�sA\-s���WZY y pC\�s�b/_i]¤]Qc[W`}1\�c(\,f`\ y Y[c n _CW y s(U¥\�c[\,Ydc[W`wxw{\,c�b/UCfZ\7WZ_
f`\^s[s7Ydpmb/_±°l��s�\ y �"�7_'\,fZ\ y Ydc n Ù n{z Y[W y V n ]~SCfeb�Y n c"µ É ô���¶ n c-a nQy �1\,f�s y \,fZf(sA\,\,VX\�]XYdpC\
V n s�Y z c n VNWes�WZ_Cw)b zjz c n b y p��
� n VXV n _ yÐn VNVX\,c y Web�fxa nQy �1\�fes y \,fZfesKcd\�r·SjW`c[\Ì]~cdW`}1\,cG\,f`\ y Y[c n _CW y sKY[pmb�Y�s���WZY y pvs�\,}1\,c�b/f

�QW`f n } n f`Y�s�Y n b y pCW`\,}1\-YdpC\)]~\�sAW`c[\^] z¥n feb�c[W`à^b/Y[W n _'cd\,Y�b�c�]Cb�Y[W n _��"´7WZw{p'} n f`Y�b�w{\"\,fZ\ y Ydc n _jW y
s���WZY y pC\�s(Umbxs�\�] n _�VXW y c n �¬b^}1\ÌY[cdW n ]~\:YdSCUm\�sÐ� otn c�\,©jb/V z f`\1��pmb,}1\:f n _Cwvc[\ yÐn }1\,cd|�YdW`VX\�s��
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b/_i]2b�c[\�f`WZVXW`Yd\�]:Y n:z SCfesA\7cd\ z \,Y[WZY[W n _�c�b/Y[\^s n�o Y[pC\ n c�]~\,c n�o °»Ù�° � �j´7à1�
g n c�a nQy �1\,fes y \,fZfes
��W`Ydp�Y[c�b�_ms�}1\�c�s�\-} n f`Y�b�w{\vb zjz f`WZ\�]K�CY[pj\,c[\-Wes�b"Y[c�b{]~\�Ù n ÚÄY[pmb�Y y b�_�Um\-V�b{]Q\1�~_mb�VX\,fZ|2Y n
]~\ y c[\�bxs�\-Y[pC\-} n f`Y�b�w{\-UQ|2cd\�]~S y WZ_Cw"Y[pj\�b z \,c[YdSCc[\Çb/_m]�f`\,_CwxY[pC\�_CW`_CwvY[pC\ y cd|CsAY�b�fP�
£�W`Ydp�f n ��Ù¼} n fZY�b/wx\�a nQy �1\,fes y \�f`fes��/WZY W�s zmn s[s�WZUCf`\�Y n SmsA\�s n fZWe]·Ùðs�Y�b/Yd\�]~c[WZ}1\�\�f`\ y Ydc n _CW y s��

��pCW y pÖb/c[\ y b z b/UCfZ\ n�o �'´7àvc[\ z \,YdW`Y[W n _ c�b/Yd\�sÐ� � pC\ z Sjfes�\)sA\,f`\ y Y[W n _�V n ]~SCfeb�Y n c[ñ-Sms�\^s
YA� nvy cd|CsAY�b/f�s n/o f`WZY[pCWZSCV$Y�b/_QY�b�feb�Y[\vµ § W � b·ô4O,¶h��W`Ydp2Y n Y�b/fmf`\,_jw{Y[p)¸ � VXVÖ�,��W`Y[pNb-s[r1Smb/cd\
b z \,cdY[SCcd\ n/o � �`°XVXV � � �`°XVXV'� � pC\�pmb/f o ÙP�¬b^}1\N} n f`Y�b/wx\�µ¼b/Y ° � Ê{Æ'_CV�¶:W�s�VX\,cd\,f`|
°/³^Ê:¨"� � pC\�]~cdW`}1\,chSmsA\�s pCWZw{p)} n f`Y�b/wx\�UCW zmn f�b/c(Ydc�b�_ms�W�s�Y n c�s(W`_)b z Sis�p~Ù z SCfZfmb/cdc�b/_jw{\,VX\�_~Y
]~cdW`}QW`_Cw)bX° �{� ��Y[c�b/_msAVXWesds�W n _�f`W`_j\1�
� pC\"V n ]~Sjfeb/Y n c:WZ_'Y[pC\"V)SCfZY[W z b{s[s�b�V z fZWlkm\,c��CY[pC\'û b ÙAsA��W`Y y p�� ü2V2Sis�Y�pmb,}1\"bXpCW`wxp

Y[pjc[\�sAp n f�] otn c n{z YdW y b�f�]Cb/V¡b/w{\T� Ø Y"W�s"b y \,f`f n�o YA� n ß-u:a y c[|js�Y�b/f�s�ò n/o Y n Y�b/f�fZ\,_Cw{Ydp
°{° � VNV'�Qb/_m]'°/³^Ê2¨$Wes�sAS c y W`\,_QY otn c�r·Smb�c[Yd\,c���b,}1\:cd\,Y�b�c�]Cb�Y[W n _��
� pC\�sA\-]~\,}QW y \^s Sms�\�Y�� nvy c[|js�Y�b/fGb/cdc�b/_jw{\,VX\�_~Y�sÕY n�z c n }~W�]~\ y b/_ y \�f`feb�Y[W n _ n/o Y[pj\,c[V�b�f

]~cdW o Y�sNb/_m]�sAY�b/YdW y UCWZc[\ o cdW`_Cwx\,_ y \T� É }1\,_�s n ��Y[pC\ÄsAY�b/YdW y UCWZc[\ o cdW`_Cwx\,_ y \�W�sXb%s�\,_msAW`YdW`}1\

o SC_ y Y[W n _ n�o YdpC\�YdW z ©�Y[WZf`Y�b�f`W`wx_CVX\,_QYNb/_Cwxf`\�s��-b/_m]+b%u��È} n f`Y�b/w{\'W�s�b zCz fZW`\�]�Y n YdpC\
y cd|CsAY�b/f�Y n s�\,Y�Y[pj\�sAY�b�Y[W y:nxz \�c�b/YdW n _ zmn WZ_~Y��
� pC\ z SCfesA\:sA\,f`\ y Y[W n _ y \,fZf y b�_XV�b/�1\¬b�_mb�c[c n ��wTb/Yd\Q-(b-c[WesA\,Y[WZVX\ n�o ¸-_msÐ�Qb � _ms0�Gb/YAÙ

Y nxz �(b�_m]Äb/_%¸X_ms o b/fZfP� � pC\ yÐn _QY[c�b{sAY�Um\,YA�Ì\,\,_'Y[pj\XsA\,f`\ y Y[\�] z SCfesA\Xb�_m]�YdpC\"c[\AÛ[\ y Y[\�]

z SCf�s�\�s-pmb{s-Um\,\,_�VX\^b{s�Sjc[\�]Äb{s-pCW`wxp%b{s)° �{� -`°'µ �{� ]CÍ7¶�� � | z W y b�f`f`| Y[pC\ yÐn _~Ydc�b{sAY"��bxs
s�fZW`wxp~Ydf`|Äf`\�sds2b�YXÊ � -`°Äµ[°�³Ä]CÍ7¶���R1\,\ g W`wxSCc[\ � �ý² otn cNb z p n Y n ]QW n ]~\Ä��b,}1\ otn c[V n/o YdpC\
s�\�f`\ y Yd\�] z Sjfes�\T�
u7W c y SCfZY[WZ\�s:W`_%Sms�WZ_Cw'Y[pj\�s�\ y \,f`f�s�b/cdWesA\ z c[WZV�b/cdW`fZ| o c n V®Y[pj\�sAV�b/fZfÌb z \,c[YdSCc[\T��b/_m]

b/fZW`wx_CVX\,_QY z c n UCfZ\,V�s����ìsdr·Sib/c[\�ÙAb z \�c[Y[Sjc[\"]QWlÚGc�b y Y[W n _ z b/Y[Yd\,c[_ Wes�}QWesAW`UCfZ\:W`_�Y[pj\�Um\�b/V
b o Yd\,c�Y[pC\ z Sjfes�\Çs�\,fZ\ y YdW n _Ë� � pj\)s�W`_jw{f`\�Ù z bxs[s7Ydc�b�_ms�VXW�s[sAW n _ n/o Y[pj\X°{° � VXV5f n _Cw�ß-u:a

y \,fZf���b{s�VN\�b{sASCc[\�]'Y n Um\ ² �Q} � Ø _ y f`Si]~W`_Cw b z \�c[Y[Sjc[\�f n s[s�\^sÐ�(��\�VX\^b{s�Sjc[\�]'Um\,YA��\,\,_
³ �Q} b/_i] ³^¸ } n _±]~WÃÚK\�c[\,_QY"]Cb,|jsÐ��]~\ z \�_m]~W`_jw n _%YdpC\XV n ]~\�ÙPV�b�Y y pCW`_jw n/o Y[pC\NW`_ z SjYó É�à��dÝÓÈBûdÝyÀ'�)�����d�y�B�����2ÀRÇ��y�d�ôÓÉ�à��dÝÓÈ�Ü2Ý���ÀR�)�d�������B�����ÓÀRÇ����d�



!<z
/�z 0 `�ç�î�èÿîËè:ç�è-âví � å)ä /�T

-0.5

0

0.5

1

1.5

2

2.5

-100 -50 0 50 100

Pulse selection >50:1
photodiode waveform

P
ho

to
di

od
e 

si
gn

al
 [

ar
b]

time [ns]

½+���d¹��]��í���ê�æQê	¹����]���B�»�º�»���B���d�ÛÕ��ÓÂd� �Ø�d�]�nÕ��º�]Å �ý½8¾ Í È ÜÓÝdÝ��yÅ��d�]�'¼y�º�R¼����8ç�Å����»�d�R�B���[�B�)���	��×'�y�º�Ó�[����×y��Ý�æ�Ü�B��ÜÓÝdÝyæºÜKÕ�Å����������B���4��ú��»¼8�



!<z
=�z ë `�çGí �d0 á�î î áXë 0 ç � \ � èD /��

Um\�b/VÖ� Ø V z fZW y b�Y[W n _ms n/o Y[pC\�sA\-f n sds�\�s�Y n Y[pj\�V)SCf`YdW z bxs[s�b�V z fZWlkm\,c���WZf`f�Um\"]~W�s y Sis[s�\^]¡WZ_
Y[pj\�_j\,©~Y�sA\ y YdW n _Ë�

±���õ ö «'�Ð�����'��&(&úÒÓ� �����3÷Ä�:	
�ìcd\,w{\�_C\,c�b�Y[WZ}1\�b�V z fZWlkm\,c w ÎxÊ x Wes�b2febxs�\,c�c[\�s n _mb�Y n c:W`_QY n ��pCW y p'bNs�V�b�f`f�sA\,\�] z SCfesA\�W�s
W`_^Û[\ y Y[\^]'b/_m]�b�V z fZWlkm\�]�S z Y n sdb/YdSCc�b�Y[W n _�� � pC\ n SCY z SCY z SCfesA\2\�_C\,c[wx|'W`_Ås[b�Y[SCc�b/Y[W n _
WesNs�Y�b�UCf`\ÄsAW`_ y \'b/fZf n�o Y[pC\ÄsAY n cd\�]÷\,_C\�c[w{|±W`_�YdpC\�f�b{s�\�cXVX\�]~WZSCV®W�s2]~\ z f`\,Yd\�]K� � � n
b{]j]~W`YdW n _ib/f y pmb/c�b y Yd\,c[W�s�Y[W y s n/o cd\,w{\,_j\,c�b�Y[W`}1\�b/V z f`WÃk y b/YdW n _Xb�c[\-Y[pmb�Y�YdpC\vs z b�Y[Web�f z c n kmfZ\

n/o Y[pC\ n SCY z SCY:W�sÁWZ_m]~\ z \,_m]Q\,_~Y n/o Y[pC\vW`_ z SjY z c n kmfZ\1�Gb/_m]�YdpC\ zmn WZ_~YdW`_Cw n/o Y[pC\ n SCY z SCY
c�b,|XW�s�W`_msA\,_msAW`Y[WZ}1\7Y n sAV�b/fZf zmn WZ_~YdW`_Cw z \,cdY[SCcdUmb/YdW n _ms n�o Y[pj\�WZ_ z SCY�c�b,|1�
� pC\�febxs�Y"YA� nÖy pmb�c�b y Y[\,cdWesAY[W y s y b�_MUm\�\,© z feb�W`_C\^]�sAW`V z fZ|1� � pC\NW`_ z SjY)s�\,\�] z SCfesA\

y b�_�U¥\'cd\ z cd\�s�\,_QY[\^]÷b{s�b�fZW`_C\^b/c yÐn V2UjW`_mb�Y[W n _ n/o s z b/YdWeb�f:V n ]~\�s n/o Y[pC\ c[\�s n _mb�Y n c,�
� pC\)f n ��\^s�Y n c�]~\,c"s z b/YdWeb�f�V n ]~\2W�s-bÞ¢�b/Smsds�W�b/_þµ ��É � &�& ¶��(b/_i]�pCW`wxpC\,c n c�]~\,cvV n ]~\�s
pmb,}1\Nb¤feb�c[wx\,cvs z b�Y[Web�f�\,©QY[\�_~Y��2£�W`Ydp%b¤fZW`VXWZY[WÃ_Cw�b z \,c[YdSCc[\)W`_�YdpC\ y b,}~WZY�|T�KSms�Sib/f`fZ|�b�_
W`cdWes��¥YdpC\"pCW`wxpC\,c n c�]~\�c�V n ]~\�s���W`f`fh\,© z \,c[WZ\,_ y \vw{c[\^b/Y[\�c-]~WlÚGc�b y YdW`}1\�f n sds�\�s:b�_m]'��W`f`fhUm\
s�S zCz c[\^s[s�\^]K�ÄaÕc n }~W�]~\�]�YdpC\,c[\)Wes"s n VX\ n }1\,c[f�b zÄn/o Y[pC\NW`_�Û[\ y Y[\�]Äs�\,\^] z SCf�s�\X��WZY[p�YdpC\
��É �'&�&:V n ]~\1�CYdpCWes yÐn V zmn _C\,_QY���W`fZf \�© z \,cdW`\,_ y \:Y[pC\vw{cd\�b/Yd\�s�Y:\�© zmn _j\,_~YdWeb�f�w1b/WZ_Äb/_m]G�
b o Yd\,c�b"feb/cdw{\-_QSCV2Um\,c n/o c n SC_m]¤Ydc[W z s�W`_�Y[pj\ y b^}QW`YA|1�1��WZf`f�] n VXWZ_mb/Yd\:Y[pC\ n SCY z SjY,�
��V2SCfZY[W z b{sds¥b�V z fZWlkm\,cmcd\�s�\,V)UCfZ\�smb�c[\,wx\,_C\,c�b/Y[WZ}1\�b/V z f`WÃkm\,c,��\,© y \ z YKY[pib/YhY[pC\Ìb/V z f`WÃÙ

km\�] z SCf�s�\-Wes�\AÛ[\ y Y[\�]�b o Y[\,c�bUøvù1�d��_QSCV2Um\,c n/o c n SC_i]¤Y[cdW z s�W`_�YdpC\ y b,}~WZY�|T�Cb{s�c[\^r·SCWZc[\�]
otn c�ki©~\�]�\,©QY[\�c[_mb�f�Y[WZVXW`_jwC�ÄÍ�\ y b�Sms�\ n�o Y[pj\ z SCf�s�\�Y[c�b/W`_ nxz \�c�b/YdW n _���Y[pj\X_~SjV2Um\,c n/o
c n SC_m]XY[cdW z s�Wes�V)S y p"f`\�sds�Y[pib/_�Y[pmb�Y�_C\ y \^s[s[b�c[| otn c�sdb/Y[Sjc�b/YdW n _���£Ä\ otn SC_m]XY[pmb�Y otn c�° ø
c n SC_m]�Y[c[W z sÐ�mY[pj\�s z b/YdWeb�f z c n kmfZ\ n _'Y[pj\ n SCY z SCY:b�_m]�Y[pj\ zmn W`_QY[W`_jw n _�Y[pj\ n SjY z SCY�b/cd\
_ n Y:sA\,_ms�WZY[WZ}1\7Y n YdpC\-W`_ z SjY,�
g W`wxSCc[\ � �`° � s�p n ��s:p n �$Y[pC\ z SCfesA\�s:b/cd\)s���WZY y pC\�]¤WZ_~Y n b/_i] n SCY n/o YdpC\"V2Sjf`Y[W z b{sds

y b,}QW`YA|1� � pC\-ß-u:a�\,fZ\ y Y[c n Ù n{z YdW y V n ]~SCf�b/Y n c:µ b ÙAsA��W`Y y pK¶hWesÌs�Y�b/Y[W y b/fZf`|"UCW�b{sA\�] otn c�r·Sib/c�Ù
Y[\�c���b,}1\1��£�pC\,_vY[pC\ b ÙAsA��W`Y y pvWesK_ n YÏkmcd\�]K��\,}1\,cd|:febxs�\,c z Sjfes�\ÌY[pmb�Y \�_~Yd\,c�sKUQ|:c[\3�m\ y YdW n _
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n ÚÄYdpC\-Í�cd\,��s�Yd\,c�Ùðb/_Cwxf`\-Y[pjW`_Xkmf`V zmn f�b/c[WZà,\,c�µ � g(a�¶�Wes�}1\�c[Y[W y b/fZf`| z¥n feb�c[W`à�\�]K� � pC\,_�YdpC\

z SCf�s�\ z b{s[sA\�s�Y[pjc n Sjw{p÷YdpC\ b Ùðs���W`Y y pË�(b y r·SCWZc[\�svb'r·Sib/c[Yd\,c�Ù¼��b,}1\)c[\,Y�b/c�]Cb/YdW n _þµtY nÄy WZc�Ù
y SCf�b/c zmn f�b/cdW`à�b�Y[W n _K¶��ÌWes�c[\3�m\ y Yd\�] o c n V Y[pC\�\,_m]�VXWZc[c n c,��b�_m] z b{s[sA\�sXb�w1b/WZ_÷YdpCc n SCw{p
Y[pj\ b Ùðs���W`Y y pNb y r·SCWZc[WZ_Cwvb o SCcdY[pC\,cÌr1Smb/cdY[\,c��¬b^}1\�c[\�Y�b/c�]Cb/YdW n _2Y n p n c[W`à n _QY�b/fmfZW`_C\�b�c z¥n Ù
feb�c[WZà�b/YdW n _Ë� � pC\ z SCfesA\"��W`f`fhY[pj\,_ z b{sds:Y[pCc n SCwxp�Y[pC\ � g
a b�_m] y�n _QY[W`_QSC\vY[pCc n SCwxp�YdpC\
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��W`Ydp'b�_'\,© zmn _C\,_QY[Web�f�c[\,f�b/©jb/YdW n _ Y n bNs�Y[\^b{]~|1ÙAsAY�b�Y[\Q-�YdpC\�\�_~}1\,f n{z \-Wes y SCcd}1\�]X��W`Y[pÄb�_
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Y�b�_ y \�b�_m]�UCSj_ y pÅf`\,_CwxY[p����9f n _jw{\,cvfeb{sA\,c z SCf�s�\X��WZf`f�c[\�]QS y \)Y[pC\ y pib/c[wx\�]~\,_is�W`YA|Äb�Y
Y[pj\ y b/Y[p n ]~\1�7R1WZ_ y \-Y[pj\�s z b y \ÐÙ y pmb�c[w{\vW`_m]QS y \�]X\,VXWZY[Y�b/_ y \�w{c n ��Y[p n�o Y[pj\�Um\�b�V o c n V
Y[pj\2� n Sjf n V)U otn c y \�W�s y b�_ y \,fZ\�]Xf`WZ�1\"°yï ~ ¶ µtU~|XYdpC\"sA\,f o Ù¼V�b�w{_C\,YdW y ki\,fe] n/o YdpC\�Um\�b�V�¶��
c[\^]~S y WZ_Cw�YdpC\ y pmb/cdw{\-]~\�_ms�WZY�| n�o Y[pC\�U¥\^b/V5��pC\�c[\ ~ Wes�sAV�b/fZfKsAp n Sjfe]Xc[\�]QS y \�Y[pC\:\�VXW`YAÙ
Y�b�_ y \1�
´ n ��\,}1\�c,��W o YdpC\ z SCf�s�\ÐÙ¼f`\�_Cw{Ydp�Wes2Y n1n f n _Cw yÐn V z b/cd\�]MY n YdpC\ q g z \�c[W n ]G�7Y[pj\,_

\ÐÚG\ y Y�s n/o q g y Sjc[}xb/YdSCc[\)b�fes n¡y b/SmsA\)]~\,fZ\,Y[\,cdW n SmsÁ\�ÚK\ y Y�s�s�S y pÄb{s�b¡_ n _CfZW`_C\�b�c7\�_C\,c[wx|·Ù

z pmbxs�\ yÐn c[c[\�feb/YdW n _'µª��pCW y pNWes�]~W c y Sjf`Y�Y n)yÐn V z \,_msdb/Y[\x¶��Cbxs���\,fZfGb{s�\,VXWZY[Y�b/_ y \�]~WZf`SCYdW n _
µ q gÏÙ y SCcd}{b�Y[SCcd\-W`_m]~S y \�]X\,VXWZY[Y�b�_ y \�w{c n ��YdpK¶��
a(SCfesA\"s�pib z WZ_Cw2WZ_�YdpC\ � ¨$W�s�] n _C\vU~|�WZ_~Yd\,c o \,c n VX\�Y[c[W y b�f`fZ| yÐn V2UCWZ_CW`_jw otn Sjc yÐnxz W`\^s

n/o Y[pC\vs�p n c[Y�f�b{sA\,c z SCfesA\"µª��WZY[p'b zCz c n{z cdWeb/Yd\v]~\,feb,|js»¶�WZ_�b�û z SCf�s�\"sAY�b y �1\,c��ýü

BDC�6DCFE ÊpËDW��MOR�ÎJxwrHMYÎO�b
� pC\ z SCfesA\�s�Y�b y �1\,c�W�s�b{]jb z Yd\�] o c n V�b']~\�sAW`wx_�Sms�\^]öUQ|Åu�� q \,Wes w ¸xÆ x b�_m]�Wesvs�W`VNW`feb�c
Y n Y[pib/YXcd\ zmn c[Yd\�]MUQ|÷R1W�]~\,c�sÞ���Ç�{Âý� w ¸ ø x b�_m]�a(b�c[�+���)�{Â � w ¸{Ê x � � pC\ W`_ z SjY z Sjfes�\�W�s
s z f`W`YÌW`_QY n sA\,}1\,c�b�f yÐnxz W`\^s7µ � ( yÐnxz W`\�s��~WZ_XY[pCW�s y b{sA\{¶���pCW y p�b�c[\vs�\ z b/c�b/Y[\�f`|�]~\�feb,|1\�])b/_m]
c[\ yÐn V)UCW`_j\�]K�
ô�SCc�}1\,c�s�W n _�W�s�b y�n V z b y Yvb/cdc�b/_jw{\,VX\�_~Y n/o sAV�b/fZf�µ � � Ê{ü1¶-c[W`wxp~YAÙAb�_Cw{fZ\ z cdWes�V¡s n _
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Y[c�b/_msAfeb�Y[W n _�s�Y�b/wx\�s�b�U n SCY�bvs�WZ_Cw{fZ\7f�b/c[wx\�µ ø ü1¶(Um\�b/V¡s z fZW`Y[Yd\,c,� � pC\,c[\�Wes�s z b y \�Y n V n Sj_~Y
S z Y n \,W`wxp~Y z c[W�s�V�s���µ otn SCc z b/WZc�s n/o ]Q\,feb,|Äf`W`_j\�s»¶�� ��pCW y p y b/_±sAY�b y � � i �?°�Î z SCfesA\�sÐ�
b/fZY[p n SCw{p��Ì\ otn SC_m]Xbx]~\�r1Smb/Yd\:c[\�sASCf`Y�s(��W`Y[p otn SCc z c[W�s�V�s�µtYA� n�z b/W`c�s n�o ]~\,feb,|"fZW`_C\�s
b/_m]

otn SjcXsAY�b y �1\�] z SCf�s�\�s�¶���R1\,\Ög W`wxSCc[\ � �Z°,¸ otn cNb�]Qc�b,��W`_Cw n/o YdpC\ z SCfesA\ s�Y�b y �1\�c,� � pC\
b{sds�\,V)UCfZ|"Wes yÐn V z b y Y��TkiY[Y[WZ_Cw n _Öb�V n SC_QY[WZ_Cw z f�b/Yd\�Ydpmb/Y�Wes:° � ü)s[r1Smb/cd\1�
� pC\,cd\�b�c[\ÄY�� n�n SjY z SCY Um\�b/V�s o c n V YdpC\ z SCf�s�\Ås�Y�b y �1\,c,� n _jf`| n _j\ n�o ��pCW y p�W�s

SmsA\�]K��s n YdpC\�YdpCc n SCw{p z SCY-Wes " Ê � } µtYA| z � ø Î } ¶�� � pj\�YA� nXn SCY z SCY-U¥\^b/V�s yÐn Sjfe]�Um\
c[\�Ù yÐn V2UjW`_C\�]"��W`Ydp n c[Ydp n w n _mb�f zmn f�b/c[WZà�b/YdW n _�W`_ n c�]~\,c�Y n b y pjW`\,}1\�pCW`wxp�Y[pCc n SCwxp z SCY��
� pC\,cd\"b/cd\�YA� n V¡b/W`_�W�s[s�Sj\�sÁYdpmb/Y�V)Sms�Y�Um\"bx]C]~cd\�s[sA\�]¤WZ_�SmsAW`_Cw)Y[pC\ z SCf�s�\"sAY�b y �1\,c��

� pC\�kmc�sAY(Wes(YdpC\ z c[\^s�\,_ y \ n/o W`_QY[\,c o \,c[\�_ y \ o c[WZ_Cw{\�s(WZ_"Y[pC\�YdW`VX\¬] n V�b�W`_��xb/_i]2Y[pC\�sA\ yÐn _m]
Wes zmn W`_QY[W`_jw n/o \�b y p n�o YdpC\vs�Y�b y �1\^] z SCfesA\�sÐ�
£�\���Wes�p�Y n s�p n �þY[pj\�}xb�f`We]QW`YA| n�o YdpC\:\,_Q}1\,f nxz \:b zCz c n ©QW`V�b�Y[W n _ otn c z p n Y nQy b�Y[p n ]Q\

\,© y W`Y�b/YdW n _-��WZY[pvs�Y�b y �1\�] z SCfesA\�sÐ� Ø o YdpC\�WZ_ z SCY z SCf�s�\�µªY n YdpC\ z Sjfes�\ÌsAY�b y �1\,c�¶mWesh]~\�s y c[W`Um\�]
UQ|:Y[pC\Ìb�_mb/fZ|~YdW y sAW`w{_ib/f871µ]¤�¶���Y[pj\�Y n Y�b/f1\,_C\�c[w{| n/o Y[pCW�s z SCfesA\�WesKY[pj\�WZ_~Yd\,w{c�b/f n/o YdpC\(\,_C\�c[w{|
]~\,_is�W`YA|:9�µ]¤�¶��
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¢ ¡
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< 71µB¤»¶ < ¶ § ¤ µ � �`°�²·¶

Ø _�YdpCWes y b{sA\XY[pj\Xb�_mb/fZ|~YdW y s�W`wx_mb/fÌWes z c nxz¥n c[YdW n _ib/f�Y n Y[pC\)\,fZ\ y Y[cdW y km\,fe]G��g n c"b z SCfesA\
��W`YdpXb�¢�b/Sis[s�W�b/_X\�_~}1\,f n{z \1����\ y p n1n sA\7YdpC\�s�W`wx_mb/f otn f`f n ��WZ_Cw:Y[pj\�_ n Y�b/Y[W n _ n�o § �C� n pj\,_
w ³x³1�Ð³^¸ x �

71µ]¤�¶��>= � �0? |9ü i \�© z µÓ¥��K¤ ¶ ï � � n k 2 ¤�¶/
 µ � � �x� ¶

� pC\ n SCY z SCY z SCf�s�\"W�s�b�sASCV n�o ]~\,f�b,|1\�] yÐnxz W`\^s n�o 71µ]¤�¶�sASCVXVX\^]¡WZ_~Yd\,c o \�c n VN\,Y[cdW y b/f`fZ|{�
g n cA@ z b/WZc�s n/o ]~\,f�b^|¡b/c[V¡s7µª��WZY[p ]~\,f�b,|�§ � ¶��CY[pj\,c[\vb/cd\ > � � ( z SCfesA\�s�-

9 ����� µB¤»¶�� °� Ü °¡ � Þ ¶ (CBBBBB ¶ �³� | 71µ]¤�� § � ¶
BBBBB ¶ µ � � � °/¶
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£Ä\ y b/_�\,© z b/_m]�Y[pCW�s�s�SCVúW`_QY n ]~W�b/w n _mb/fh\,fZ\,VX\,_QY�s�b/_i] y c n sdsðÙ¼Y[\,cdV�s�-BBBBB ¶  ��� | 71µB¤�� § � ¶
BBBBB ¶ � ¶ 

��� |
< 71µ]¤a�?§ � ¶ < ¶ �

¶ 
��� |

¶ �AD � ��E w 71µ]¤a�?§ � ¶87 S µ]¤��?§ � ¶ x µ � � �x� ¶

��pC\,cd\ E ]~\,_ n Y[\�s�Y[pC\�cd\�b/f z b�c[Y,� � pC\�kmc�s�Y(Yd\,c[V+W�sCÛ[SmsAY YdpC\�W`_m]QW`}QWe]~Smb�f z SCf�s�\�\�_~}1\,f n{z \�s
b/Y-YdpC\X]Q\,feb,|1\�]�Y[W`VN\�sÐ�m��pCW`fZ\"Y[pC\)sA\ yÐn _m]ÞYd\,c[V yÐn _QY�b�W`_ms:YdpC\"W`_QY[\,c o \,c[\�_ y \�s���g n cF7·µB¤�¶
n/o Y[pC\ otn c[V n/o É r·Smb�Y[W n _ � � �x� Y[pC\'WZ_~Yd\,c o \,cd\,_ y \�Yd\,c[V�s y b�_C_ n Y�Um\'_C\,wxf`\ y Y[\�]K�¬b/_m]
��W`fZf yÐn _QY�b�W`_Öb w yÐn s k 2 µÆ§ � ¥?§ � ¶ x Yd\,c[V'� Ø _ w{\,_C\�c�b/f¼�C��\Çs�\,\vY[pmb�Y7YdpC\ z Sjfes�\vsAY[c[S y Y[SCcd\]~\ z \,_i]Cs n _'Y[pC\-cd\,feb�Y[W`}1\ z pib{s�\Çs�pCW o Y7Um\,YA�Ì\,\,_ n }1\,c[f�b zCz WZ_Cw z SCf�s�\�s��7R1W�]~\,c�s"���¬�{Âý� w ¸ ø x
w{WZ}1\ y c n s[sðÙ yÐn c[c[\�feb/YdW n _']Cb�Y�b"Y[pmb�Y:sAp n ��s:b{]C]QW`Y[W n _ n/o WZ_~Ù z pmb{sA\ z SCf�s�\�s�Y nXy c[\�b�Y[\vb#�Gb�Y
Y nxz"n c�sAS z \,c�Ùd¢�b/Smsds�W�b/_ z Sjfes�\T�1b/_m]"bx]C]~WZY[W n _ n/oGz SCf�s�\�sg� n SCY n/oGz pmbxs�\�Y nvy cd\�b/Yd\�b:]jb/c[�
z SCf�s�\1��u�� q \,Wes w ¸xÆ x Sms�\�] b z SCf�s�\Çs�Y�b y �1\�c�Y n�y cd\�b/Yd\vb z b/WZc n�o W`_ o c�b/c[\^] z SCf�s�\�s�Um\ otn cd\
bXc[\,wx\,_C\,c�b/YdW`}1\vb/V z f`Wlki\,c,�mb�_m]�b o Y[\,c yÐn V z c[\�sds�W n _'b�_m] otn SCc[Ydp'pmb/cdV n _jW y wx\,_C\,c�b/YdW n _Ë�
W`_QY[\�c o \,cd\,_ y \�\ÐÚG\ y Y�s���\,cd\ n UmsA\,c[}1\^]¡Sis�W`_jwXb"sAY[c[\^b/� y b/VN\,c�bQ�
R1We]Q\,c�s����
�{Âý� w ¸ ø x VX\�_~YdW n _-Ydpmb/Y(YdpC\ z pmb{sA\�]~WlÚG\,cd\,_ y \�Um\,YA��\,\�_ z SCf�s�\�s�c[\3�m\ y Yd\�]-b/_m]

Y[c�b/_msAVXW`YdY[\�] o c n VÈb�]QW`\,fZ\ y Y[cdW y Um\�b�VÈs z fZW`YdY[\,cÌWes�b zCz c n ©QW`V¡b/Y[\�f`|l�(��g n c�Y[pj\�wx\ n VN\,Y[cd|
��\�pmb,}1\ y p n s�\,_Ë�~Y[pj\:bx],Û�b y \�_~Y z SCfesA\�s�b/fZ��b,|CsÌs�S~ÚG\,c¬b�cd\,feb�Y[W`}1\ z pmb{sA\-s�pCW o Y n/o � n c � �(�
b/_i]Ms n b/cd\�b/fZ��b,|Cs-W`_ z pmb{sA\1��b/_m]�wxW`}1\Nb��Gb/Y"Y n{z�n c)s�S z \,cAÙ[¢�b/Sis[s�W�b/_ z c n kmf`\1� � pC\
z pmbxs�\v]~WÃÚK\�c[\,_ y \�s�Um\,YA��\�\,_XY[pj\�sAY�b y �1\�] z SCfesA\�s�WesÌs�YdW`f`fËs�\,_is�W`YdW`}1\�Y n YdpC\-c[\,f�b/Y[WZ}1\:]Q\,feb,|
Y[pjc n Sjw{p�YdpC\ yÐn s k 2 µ�§ � ¥?§ � ¶�Yd\,c[VÖ�£�\Ç]~We]�_ n Y n Uis�\,cd}1\"b/_Q|XWZ_~Yd\,c o \,cd\,_ y \�\ÐÚG\ y Y�s�SmsAW`_CwNbXs�Ydc[\�b�� y b/VX\�c�b~� Ø Y�V�b,|XUm\
Y[pib/Y�b/_Q|XWZ_~Yd\,c o \,cd\,_ y \ o cdW`_Cwx\�s�b/cd\Xû o bxs�Y�Um\�b/Y�s[ü)b/_m]�b/cd\vb^}1\�c�b/wx\�] n SCY�Y n à,\,c n UQ|2YdpC\
f`WZVXW`Yd\�]�µ��9° z s»¶¬Y[W`VN\:c[\�s n fZSCY[W n _ n/o YdpC\"sAY[c[\^b/� y b/VX\,c�b~��£Ä\"s�p n SCf�]�b�fes n _ n Yd\"Y[pmb�Y
Y[pj\2û z c n V z Y�ü z p n Y n \,VXW�s[sAW n _Nc[\�s z¥n _ms�\�Y[W`VN\ n/o Y[pj\��Ìs ¶ � \ z p n Y nQy b/Ydp n ]~\�WZ_2YdpC\�w{SC_
Wes�\�sAY[W`V¡b/Y[\^]2Y n Um\ n/oÌn c�]~\,c�� z \ �Ü° �{� o s�� � pCWes7\^s�Y[WZV�b/Yd\:Wes�V�bx]~\vb{s otn f`f n ��s�� � b��1\
Y[pj\¤f�b{sA\,c)b/Ums n c z Y[W n _þ]~\ z Y[p%Y n Um\µ§C��Æ � _CV'� � pC\,_%\,f`\ y Y[c n _ms�fZW`Um\,c�b�Y[\�]Åb/Y)c[\�sAY
Y[pjc n Sjw{p n SCYXY[pjWes)]~\ z Ydp÷b�c[\Öb y,y \�f`\,c�b/Y[\^]�Umb/fZf`W�s�Y[W y b/fZf`|ÄU~|öbÖkm\�fe] < p < � Æ{ÊÄ��¨�©�V'�
��pCW y p�Y�b��1\�s�b�YdW`VX\�Y n \�©~WZY�Y[pj\"s�Sjc o b y \ n/o � z \ �HG � ð §+ï	I�p �Ü° �x� o sÐ� � pC\ n{z YdW y b�f
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z \,c[W n ]�b/Y � Î{ÆQ�ýÊ"_CV5W�s �K2 (Ól�� � 
ý¸x¸ o s��ms n Y[pib/Y o b{s�Y�Um\�b�Y�s�b/Y�YdpC\ n{z YdW y b�f z \�c[W n ] n c�b{s
s�f n �+bxs7Ê � �·2 (2l ��WZf`fKUm\vb,}1\,c�b�w{\�] n SCY7Y n à,\,c n �
� n V�b/�1\ÌY[pCW�s(b/cdw{SCVN\,_~Y
V n cd\ yÐn _ y c[\,Yd\1� yÐn _ms�W�]~\,c�Y[pC\�\�ÚK\ y Y n/o b�_Xb,}1\,c�b/wxW`_Cw-Y[WZVX\{y¤ n _XYdpC\7WZ_~Yd\,c o \�c[\,_ y \�Y[\�c[V�s�� � pC\�\,_C\,cdw{|)]~\�_ms�WZY�|�9�µB¤»¶ n�o É r1Smb�Y[W n _ � �Z°,²-Wes�cd\ z f�b y \�]

UQ|

9KJBlPµ]¤�¶�� °{y¤r¿ l   J]l
l 9ÏµB¤�Ll¶8§ ¤�L	� °{�¤c¿ l   J]l

l < 71µ]¤�Ll¶ < ¶ § ¤�Lg
 µ � � � Æ·¶

£Ä\�YdpC\,_�c[\�Ù y b�f y Sjfeb/Yd\:Y[pj\ n ÚmÙA]~W�b/w n _mb�f(Y[\,cdV�s�WZ_ É r1Smb�Y[W n _ � � �{� ��pCW y p�b�c[\

$ � �AM J]l¼µ]¤�¶�� °{�¤c¿ l   JBl
l �NE w 71µB¤OL��þ§ � ¶P7 S µB¤�L � § � ¶ x § ¤�Lv
 µ � � � ø ¶

ô�_C\��¬b,|:Y n c[\ z c[\�sA\,_~Y�YdpC\�Um\�b�Y[WZ_Cw n�o s�Y�b y �1\�] z SCf�s�\�s�WesKY n w{WZ}1\(\�b y p z SCfesA\�b o c[\^r·SC\�_ y |

y pCW`c z �(s n Y[pmb�Y�Y[pj\ n }1\,cdfeb zCz W`_jw¤cd\,w{W n _�W�s�YdpC\XW`_QY[\�c�s�\ y Y[W n _ n/o ]~WlÚG\,cd\,_~Y-\,_i]Cs n/o YdpC\

o c[\^r·SC\�_ y | y pCWZc z � � pC\,_���\-��cdW`Y[\

71µB¤»¶�� = � �Q? |9ü i \,© z µÓ¥��K¤ ¶ ï � � n Û�¤ ¶ ï � ��n k 2 ¤�¶ µ � � � Ê·¶

£�pC\,cd\rÛXc[\ z c[\�sA\,_~Y�s¥YdpC\�cd\�s�W�]~Smb/f y pCWZc z7o c n V+WZV z \,c o \ y Y y�n V z cd\�s[sAW n _ n c o c n V+V¡b/Y[\�c[Web�f
]~W�s z \,c�sAW n _$µªW`_�YdpC\ z c[WesAV�s)b/_m]÷Um\�b�V�s z fZW`YdY[\,c�� otn c¤\�©Cb�V z f`\x¶�� � pC\ y c n sds�Yd\,c[V�s)b/cd\
_C\,wxf`WZw{W`Ujf`\ otn c�b yÐn _m]~WZY[W n _ n _'ÛÌ� £Ä\:km_m])-

$ � ��M J]lPµB¤»¶r� � W o
°¡ �SR {y¤P¹ � �ÛÌµ�§ � ¥?§ � ¶ µ � � � Î·¶

Ø _ n c�]~\,c�Y nNz SCY:WZ_�Y[pj\�_QSCV2Um\,c�sÐ�Q��\�V¡b/�1\vs n VX\-\�s�YdW`V�b�Y[W n _ms n/o b2c[\�bxs n _mb/UCfZ\ y pjW`c zÛ otn c�Y[pC\ � ¨ z SCfesA\1�Cbxs[s�SjVXW`_Cw"Ydpmb/Y�Y[pj\�c�b/YdW n µ�{ k ï k 2 ¶ otn c�Y[pC\ ØAq z SCfesA\-Wes�Y[pj\�sdb/VX\
b{s otn c-Y[pC\ � ¨"�Gb/_m]'bxs[sASCVXW`_jwXY[pmb�Y:Y[pj\�Umb�_m]~��We]QY[p { k W�s y pCW`c z \^]¤f`WZ_C\�b�c[f`| n }1\�c7YdpC\
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� ¨ z SCfesA\�fZ\,_CwxY[p�� � pC\�_�Y[pj\ y�n _m]~WZY[W n _Äµ É rm� � � � Î1¶ otn c7YdpC\ y c n s[sðÙ¼Y[\�c[V�s�Y n }{b�_CWesAp�W�s�-

°<
ý² z s R {�¤r¹�Æ·³ � o s µ � � � ³{¶

� pC\-\�sAY[W`V¡b/Y[\���\-V�bx]~\:\�b�c[fZW`\,c n/o Y[pC\ z p n Y n \,VNWes[sAW n _XY[WZVX\�µT� z \ � ° �x� o s�¶�Wes�_ n Y o b�c
n Ú o c n V5Ydpmb/Y���pCW y pXW�sÁcd\�r1SCW`cd\�] n/o {y¤ otn c7_ n Um\�b/Y�sÁY n Um\�c[\^s n fZ}1\�]K�
BDC�6DC�B Q Oawr��Ë�bAOvt�OyZrJx� SVU¨JA_DOXWlwr�MO�bµ^qOyt�uèSrbAwrW�Ê�bAS�YÈW�O
� pC\Xf�b{sA\,c-Y[\,V zmn c�b/f z c n kmf`\X�¬b{s-VX\�b{sASCc[\^]�Sms�WZ_Cw'b ´:b/V�b�V�b/Y�s�S��ÌÊxÎ{¸ � Ù � °/Rös�Y[cd\�b/�

y b�VX\,c�b-��W`Ydp'�'Ê{Î1³�Î o bxs�Y�s��Ì\,\ z V n ]~SCfZ\-b/_i]'b2a(SCfZ_CW`© z c n w{cd\�s[sAW`}1\"s y b/_Ä���Ìu y b�V2Ù
\,c�b~� | ¶ � pj\ z cdW`_ y W z f`\ n/o s�Ydc[\�b�� y b/VN\,c�b nxz \�c�b/YdW n _'Wes�]~\ z W y Yd\�]XW`_'ghW`w{Sjc[\ � �Z°,²~� § WZw{pQY
\,_QY[\,c�s�b)s�fZW`Y�b�_m]¤W�s otnQy Smsds�\�] n _QY n b z p n Y nQy b�Y[p n ]Q\1��a(p n Y n \,f`\ y Y[c n _ms�b/cd\�b y,y \,fZ\,c�b�Y[\�]

n SjY n/o YdpC\ y b/Y[p n ]~\1��b/_m]�b�_�\,©QY[c[\�VX\,f`| o bxs�Y)} n fZY�b/wx\'sA��\,\ z Wes)b zCz f`W`\^]MY n ]~\��m\ y Y�Ù
W`_jwX\,f`\ y Y[c n ]~\�sÐ�mw{WZ}~WZ_Cw�b2YdW`VX\�ÙA]~\ z \�_m]~\,_QY�]~\3�m\ y YdW n _Ë� � pC\�\,fZ\ y Ydc n _is:s�Ydc[W`�1\vbXVXW y c n Ù
y pmb/_C_j\,f z feb/Yd\Xµ¼���Ìa¬¶¬��pCW y p�Wes:b�_'\,f`\ y Y[c n _�V2SCfZY[W z f`WZ\,c w ¸{Î o ¸x¸ x � � pj\)���Ìa yÐn _ms�W�s�Y�s
n/o V�b�_~|"YdpCW`_�w{f�b{sds�Y[SCUm\�s n c y pmb/_j_C\,fes���W`YdpXW`_QY[\,cd_mb/fË]~Web�VX\,Yd\,c�s(YA| z W y b�f`f`|�° �6o·�{� �KV'�
� pC\XWZ_ms�W�]~\"��b�f`f�s n/o YdpC\�sA\2YdSCUm\�s�b�c[\ yÐn b/Yd\�]Þ��WZY[p%b�V�b/Yd\,c[W�b/f(��WZY[pÄpCW`wxp%s�\ yÐn _m]jb/c[|
\,fZ\ y Y[c n _)|~WZ\,fe]G� Ø _CW`YdWeb�f¥\�f`\ y Ydc n _ms yÐn f`fZWe]~\���W`YdpXY[pC\���b/fZfes��~f`WZUm\,c�b�Y[W`_jw"s�\�}1\,c�b�f¥\�f`\ y Ydc n _msÐ�
��pCW y p�W`_ Y[SCcd_�fZW`Um\,c�b�Y[\-\,}1\,_�V n c[\1� � pj\"b,}xb/feb�_ y pC\ n�o \,f`\ y Y[c n _ms�sAY[c[WZ�1\�s�b z p n s z p n c,�

yÐn _~}1\,cdY[WZ_Cw�Y n }~W�s�WZUCf`\�f`WZw{pQYhb/_m]�YdpC\ z p n s z p n c
W`V�b�w{\�Wesh]~W`wxW`YdW`à,\�]���W`Y[pÇb����Ìu y b�VX\,c�bQ�
Í�\ y b�Sms�\ n�o Y[pj\XpCW`wxp÷wTb/W`_%WZ_MYdpC\����Ìah�(w{c[\^b/Y y b�c[\�V2Sis�Y�Um\�Y�b��1\,_�Y n'z c[\,}1\�_~Y

]Cb�V�b/wx\X��W`Ydp�Y n1n V2S y p'WZ_ y We]Q\,_~Y-fZW`w{pQY,� � pC\Xf`WZVXW`YdW`_CwNY[W`VN\"c[\�s n f`SjY[W n _�W`_öb's�Y[cd\�b/�

y b�VX\,c�b-pmb{s�s�\,}1\,c�b/f yÐn _~Ydc[WZUCSCY[W n _msd-(��b,}1\,fZ\,_Cw{Ydp ]~Wes z \�c�s�W n _ n/o YdpC\-f`W`wxp~Y�WZ_�YdpC\-W`_ z SjY
n{z Y[W y sÐ�Ìs z b�Y[Web�f:s z c[\^b{] µ¼s�fZW`Y"��We]QY[pK¶���Y[pC\�fZW`VXWZY[\�]Äs z b�Y[W�b/f�c[\�s n f`SjY[W n _�b�_m]÷]~\3�m\ y YdW n _
s z \,\^]K�:b�_m] s z b y \ÐÙ y pmb�c[w{\'Ujc n bx]~\,_CWZ_Cw÷WZ_ms�W�]~\�YdpC\Äs�Ydc[\�b���Y[SCUm\1� � pC\Ås z b y \ÐÙ y pib/c[wx\
UCc n b{]Q\,_CW`_jwC��b/f�s nÅy b/fZf`\�]�Y[pj\¤WZ_~Yd\,_msAW`YA|�]Q\ z \,_m]~\,_ y \ n�o Y[pC\�YdW`VX\Xcd\�s n f`SCYdW n _ y b�_÷Um\
r1SCW`Yd\)]~c�b�V�b/YdW y�otn cvVX\�bxs�SCcd\,VX\,_QY�s n�o Y[pC\ � ¨Üfebxs�\,c z Sjfes�\^sÐ�(b�_m]�YdpC\2f�b{sA\,c-V2SmsAY:Um\

�B·�ÒF���]ÅÌ�[�yÙ4�t�RùX�[Å��+ÀÌ½+¾��X¿�è<�2���4� Í �ºÂR���B�����8À[�
�d���BÅy�����R�[�4���.�]Å����B�]�B�2��ÙD�2�[�����Æ�
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½+���d¹��]��í���Ü[ê�æ8ê	�]���������������[�8���Ì�����[�]�º���Û�[�.�X�]�B�]�2�[Ù��2�[�����Æ�y�Q�tæ��B�����2À�è�æR�yÅ��d�]�'�Ó�[�BÅy�'¼y�dÀ��Xæd�[�»���������Æ���B������4�»�BÅ8À Í æR¼y��ZÌ�����]�����D�BÕ)���������������B�]�R¼��dÀ Î æy�4�����]�[È��ÆÅ �[�����»�Q���Ë�[�B�X�ØÉ���êA�»ÀÌ½)æ��yÅ��d�]��Å��d���B���]�����8�����
�B���ßáû3ê ã«�
b/YdY[\,_QSmb�Y[\�]K�Ö�0kmf`Yd\,cvs�Y�b y ��W�s�_ n Y)]~\�s�WZc[\�]G� Um\ y b�Sms�\XV¡b/Y[\�c[Web�fÌ]~Wes z \�c�s�W n _�fZ\,_CwxY[pC\,_is
Y[pj\ z SCf�s�\1�þ£�\Öb/YdY[\,_QSmb/Yd\�]MYdpC\�f�b{sA\,c2UQ|%Y[SCcd_CW`_jw n Ú n _C\ n cXU n Ydp�Y�� n Ù z b{sds2c n ]jsÐ�
c n Y�b�Y[W`_jw�b)��b,}1\ z f�b/Y[\T�Kb�_m]�U~| \,© z b/_m]QW`_CwXYdpC\�f�b{sA\,c-s zmn Y n _'Y[pC\)sAf`WZY,�:£Ä\"b/f�s n SmsA\�]
Y[pj\XsAV�b/fZf`\�sAY:sAf`W`Y���We]~Ydp÷µd° � �KV�¶ n _ÄY[pC\Ns�Ydc[\�b�� y b/VX\�c�b"��W`Y[pÄ��pCW y p'�Ì\Xb y pCWZ\,}1\�] b
Y[WZVX\Xcd\�s n f`SCYdW n _ n�o b zCz c n ©~WZV�b/Yd\,f`|±° z W yÐn s�\ y�n _m]K�¬b{s"W`V z fZW`\�]'UQ|�Y[pC\ ��We]~Ydp n/o YdpC\
W`V¡b/w{\�W`_ otnQy Sms�V n ]~\1�
£�\ n UCY�b�W`_C\^]"b y b/fZW`UCc�b/YdW n _ n/o Y[pC\¬s�Y[cd\�b/� y b/VN\,c�b�W`_Çb:s�WZV z f`\Ìb�_m]"s�Ydc�b/WZw{pQY otn c[��b�c�]

V�b�_C_C\,c����ìY[pjW y �2UCf nQy � n/o(o SmsA\�]�sAW`fZW y b��¬b{s z feb y \�] n }1\,c�pmb/f o�n/o Y[pC\vs�fZW`Y��ms n Y[pmb�Y7YdpC\
febxs�\,c¬s zmn Y��¬b{s�s z f`WZY�W`_NY�� n�zmn cdY[W n _ms�� n _C\ n�o ��pjW y p z bxs[sA\�]XY[pCc n SCwxp�Y[pj\-]~\,f�b^|"Ujf nQy �K�
b/_i]�Y[pC\ n Y[pC\�c�]QWe]'_ n Y��XgCc n VÝY[pC\)�~_ n ��_ÄY[pjW y �~_C\^s[s�µ� �9Î~
 �x� VXV�¶Ìb�_m]�WZ_m]~\,© n/o
c[\ o c�b y Y[W n _%µ�£3�9°�
ýÊ � ° otn cè@ë� � Î{ÆX_CV�¶�YdpC\)]~\,f�b,|�]QWlÚG\,c[\�_ y \"Wes�� �úµ�£a¥+°/¶F ýï6sI�
° � 
 ø z sÐ��g WZY[YdW`_Cw�Y[pj\ y \�_~Ydc n W�]Cs otn c-Y[pj\XYA� n pmb/fZ}1\�s n/o Y[pC\)Um\�b/V�s zmn Y�� n _C\ n UjY�b/WZ_ms
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b/_ b,}1\,c�b/w{\ z WZ©~\,fG]~WÃÚG\,c[\,_ y \ n }1\,cÌsA\,}1\,c�b�fmW`V�b�w{\�s��·|QW`\�fe]~WZ_Cw-b y b�f`W`Ujc�b/YdW n _ n�o ÆQ�ý² z W`©Q\,fes

z \,c z W yÐn s�\ y�n _m]K� � pCW�s z c nQy \�]~SCcd\��¬b{s7cd\ z \�b/Yd\�] n _C\�|1\�b�c7f�b/Yd\,c7Sis�W`_jwXf`WZw{pQY o c n VÈYdpC\
\,fZ\ y Y[c n _�Um\�b�V®��W`Ydp�Y[pj\�sAY[cd\�b/� y b/VX\,c�bXW`_%Y[pC\ y b,}1\�b/_m]�YdpC\�Y[W`VN\2cd\�s n f`SCYdW n _Åpmb{]
]~\,wxc�bx]~\�]XsAf`W`wxp~Ydf`|"Y n Æ~� Î z WZ©9© z sÐ� z c n Umb/Ujf`| o c n V9}xb/cdWeb/YdW n _XW`_)Y[pC\�} n f`Y�b/wx\:c[W�s�\,YdW`VX\ n/o
Y[pj\X]~\3�m\ y Y n c�s���£Ä\2YdpC\,c[\ otn c[\"cd\ zmn cdY�Ydpmb/Y��(b�Y�V n s�Y���b'° �Q} s�|js�Y[\�V�b/YdW y \�c[c n c yÐn SCf�]
Um\vb{s y c[W`Um\�]�Y n b�f`f n/o Y[pC\vs�Ydc[\�b�� y b�VX\,c�b-VX\�bxs�SCcd\,VX\,_QY�s cd\ zmn cdY[\�]�W`_XYdpCWes�� n c[�G�
�ÿsAY[cd\�b/� y b/VN\,c�b2Ydc�b y \'µ z c n Û[\ y Y[\�]'W`V�b�w{\{¶ n/o Y[pj\2SC_is�Y�b y �1\^] z Sjfes�\NWes-s�p n ��_�WZ_

g WZw{SCcd\ � � �x� µtY n{z ¶:b�_m]'Wes�¢�b/Smsds�Web�_���W`Ydpëk	lø�ú°<
 ¸ z sÐ� Ø _Þkiw{SCcd\ � � �x� µtU n Y[Y n V�¶��Ì\
s�p n �úb�b s�Ydc[\�b���Ydc�b y \ n/o ø sAY�b y �1\�] z SCf�s�\�s:��pCW y p�W�s-b��Gb/YvY n{z%n c"s�S z \�c�Ùd¢:b�Sms[sAWeb�_
z c n kmfZ\���WZY[p ° � �Ã³ z s�g £þ´���� � pCW�s¤cd\�s�SCfZY�s�p n ��s�Y[pmb�Y�Y[pC\ z SCf�s�\Ås�Y�b y �1\�c y b/_þUm\
s�S y,y \�sds o SCfZf`|)Sms�\�]XY n�otn c[VÈbè�Gb/Y�Y n{z Y[\,V zmn c�b/f z c n kmf`\T�
BDC�6DC�� GIW�L�\�ZUt	OvZrJIS[UhJA_DO�ÊpËDW��MO	�ÎJxwrH�YPO�b
� pC\ yÐn V z b y Y[_C\�sds n/o�n SCc z SCf�s�\ s�Y�b y �1\,c�cd\�s�Sjf`Y�s o c n V®YdpC\�Sms�\ n/o s�V�b�f`fÌc[W`wxp~YAÙAb�_Cw{fZ\

z cdWes�V¡s2bxs¡cd\,Y[c n cd\��m\ y Y n c�sXb/cdc�b/_jw{\�]þb/c n SC_m]¯bMsAW`_Cwxf`\ feb/cdw{\ÐÙðb z \,cdY[SCcd\�Um\�b�V�s z f`W`YdY[\,c��
´ n ��\�}1\,c,�
b�]~W�s[bx]~}xb/_QY�b/wx\ n�o Y[pC\�cd\�]~S y \^]�_~SjV2Um\,c n/o�n{z YdW y b�f�\,f`\,VN\,_~Y�s:Wes�Y[pj\¤f n sds

n/o b�f`W`wx_CVX\,_QY"�Q_ n Ums�� � pj\ ø � � WZ_ y p ]~Web�VX\,Yd\,c)]~W`\�f`\ y Ydc[W y Ù y�n b/Yd\�]�Um\�b�V�s z fZW`YdY[\,c)��bxs
V n SC_~Yd\�]���W`Ydp�b{]�Û[Sms�YdVX\,_QY(�~_ n Ums n _XYdpC\7YdW z b�_m]2YdW`f`Y�� É b y p z c[W�s�V�s �¬b{s�V n SC_QY[\^]�Y n
b/_ bx]Cb z Yd\,c z feb/Yd\:��pCW y pX�¬b{sÌb/Y[Y�b y pC\�]XY n b"s�V�b�f`fCYdc�b�_ms�f�b/Y[W n _ s�Y�b/wx\1���'b y pjW`_C\�])s�f n Y�s
W`_'YdpC\)b{]jb z Yd\,c z feb�Y[\Nb/f`f n ��\�]�Y[c�b�_ms�f�b/YdW n _ n/o Y[pC\ z c[WesAV z \,c z \�_m]~W y SCfeb�c:Y n Y[pj\)s�Y�b�w{\
V n Y[W n _�� � pCW�s:b{],Û[Sis�Y[VN\,_~Y���bxs7_C\,\^]~\�]�Y n �1\,\ z YdpC\"p n c[W`à n _QY�b/f
U¥\^b/VÝsA\ z b�c�b/YdW n _�b�Y
Y[pj\�]Q\�s�WZc[\�]�]~W�s z f�b y \,VN\,_~Y n/o � � ø � W`_ y p��
� pC\ z SCfesA\�sAY�b y �1\,c z c n ]~S y \�] otn SCc:s zmn Y�svµ � ( otn cV@ � � ¶Ì��pCW y p�pmb{]�Y n Um\vb/fZW`w{_j\�]

Y n n }1\,c[f�b zÄn _�YdpC\ y b�Y[p n ]~\T� � pC\N]~WesAY�b/_ y \ o c n VÓYdpC\ z SCfesA\�s�Y�b y �1\,c-Y n Y[pC\ y b/Ydp n ]~\
Y[pjc n Sjw{p�YdpC\-Y[c�b/_ms z¥n c[Y:fZW`_C\ÇµPs�\�\�RT\ y Y[W n _ � �Z° � ¶�W�s�b zCz c n ©~WZV�b/Yd\,f`| �x� VX\�Y[\,c�sÐ�
£�pC\,_ n _jf`|�YA� n'z SCfesA\�s�b�c[\ s�Y�b y �1\�]K�(W`YvWes�cd\,feb�Y[W`}1\�f`|'\�bxs�|�Y n w{\,Y"YdpC\XYA� n f�b{s�\�c

s zmn Y�s�Y nvn }1\,c[f�b z UQ|)b{],Û[Sis�Y[WZ_Cw"Y[pj\7WZ_ z SCYÌc�b,|Xb�_m]2YdW`f`YdW`_Cw-YdpC\:Um\�b/V¡s z fZW`Y[Yd\,c�sAf`W`wxp~Ydf`|"W o
_C\,\^]~\�]K�
g n c(Y[pj\�s�\ yÐn _m] z b�W`c n/o s zmn Y�sÐ�QY[pC\�b�f`WZw{_CVX\�_~Y z c n UCfZ\,V�W�s V n c[\�]QW c y SCf`Y�� � pC\
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\�sds�\,_QY[W�b/f z c n UCfZ\,VÝWes�Y[pmb�Y���\)V)Sms�Y yÐn cdc[\ y Y otn cvs�V�b�f`fh}{b�c[W�b/Y[W n _ms-W`_ÄY[pC\Nb z \,©Äb�_Cw{fZ\

n/o YdpC\ z c[W�s�V�s���g n c"b�c[W`wxp~YAÙAb�_Cw{fZ\ z c[WesAVÓ��WZY[pÅb z \,©Åb/_Cwxf`\�¨�ba ¶ �dc��hY[pC\Nb/_jw{SCf�b/c
]~\,}QWeb�Y[W n _þWes � cÖµª_C\,wxf`\ y Y[W`_jw�c[\ o c�b y YdW n _+b�Y�Y[pj\�pQ| zmn Y[\,_QSms�\x¶�� � pj\ z cdWesAV�s2pmb,}1\Åb
s�Y�b/_m]jb/c�]XY n f`\�c�b/_ y \ n�o � c " m Æ�VXWZ_~SCYd\�s n/o b/c y � n c m-� 
 ¸·³�VXc�bx]K� Ø o SC_ yÐn c[cd\ y Y[\^]K�1Y[pCW�s
� n SCfe]:wxW`}1\�c[W�s�\�Y n b-°{�Ã³ y V s z cd\�b{]:W`_vs z¥n Y�s n }1\,c �x� VÖ�Ð��pCW y p-Wes y f`\�b�c[f`|�SC_mb y,y \ z Y�b/Ujf`\1�
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f`WZw{pQY-b/Y � Î{Æ~� Ê¤_CV y b/Sis�W`_jw'b/YdY[\,_QSmb�Y[W n _�� � pC\ yÐn _~Ydc[W`UjSCY[W n _ n/o q b,|~fZ\,W`wxpÄs y b�Y[Yd\,c[WZ_CwC�
b���\,fZflÙ¼�~_ n ��_þY[\�©~YdU n1n ��\,©jb/V z fZ\ w ² �yx �7pmbxs�b y c n s[sðÙðs�\ y Y[W n _þ��pCW y pþs y b�f`\�s�bxsµksjk i ��R1\ yÐn _m]Qf`|1�mY[WZVXW`_Cw)b�_m] zmn WZ_~YdW`_CwX}xb�c[Web�Y[W n _ms:]QSC\"Y nXz c n{z b/w1b�Y[W n _ÄW`_'Y[Sjc[UCSCfZ\,_QY n c
yÐn _~}1\ y Y[W`}1\�wTb{sA\�s7V)Sms�Y�Um\�VXWZ_CW`V)W`à�\,]K�
� pC\,cd\�b/cd\XY[pCcd\,\)VXW`cdc n c�s:V n SC_QY[\^]ÞWZ_���\,f�]~\�]'}xb y SCSjVÓU n ©~\^s2µPsA\,\Ng W`wxSCc[\�s � � � ø

b/_i] � � � Ê1¶���b�f`f���W`Y[p%cd\,V n Yd\,f`| y�n _QY[c n f`fZ\�]%b y YdSmb/Y n c�s n _÷YdpC\�VXW`cdc n c�V n SC_~Y�sÐ�±�7fes n �
\�b y p'U n ©'Wes:V n _CW`Y n c[\^]¤UQ|'bX}~W�]~\ n�y b/VX\,c�b~��s n Y[pmb�Y�YdpC\)feb{sA\,c-s z¥n Y n _�\�b y pÄVXWZc[c n c

y b�_�Um\)V n _CWZY n c[\�] b/_m]�bx],Û[SmsAY[\�]'W o _C\ y \�s[sdb/c[|T� � pC\)}{b y SCSCVÝU n ©Q\�s-b/c[\"fZW`_C�1\^]¤UQ| ø
W`_ y p)]~W�b/VX\�Y[\,ch}xb y SCSjV z W z \T�~b�_m]"Y[pC\�febxs�\,c(\�_~Yd\,c�s(b�_m]2\,©QW`Y�sÏYdpCc n SCw{p¡� q Ù yÐn b/Y[\^] � ¨
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½8����¹��B��í��áí�âÌæ6�<�[��¹y¹��?�4���]�B�d�)¸ �[ÔNæ	�]��¼��XÂ'����Õ

r1Smb/cdY[à�}xb y SCSCVÈ��W`_i] n ��sÐ��g n c�SC_ yÐn b/Y[\^]¤��W`_i] n ��sÐ�KYdpC\-VX\�b{sASCc[\^]¡Ydc�b�_ms�VXW�s[sAW n _ ��bxs
¸{¸ } �Ës n WZ_ y f`Si]~W`_Cw"YdpC\ ø } gCc[\^s�_C\,f�cd\��m\ y Y[W n _ z \,c�s�W�]~\1�mY[pC\Çb/Ums n c z Y[W n _�W�sÁ\^s�Y[WZV�b/Yd\�]
Y n Um\ ø } �
� pC\�VNW`c[c n c�U n ©~\^sÁV)Sms�Y�Um\vV n SC_QY[\^]2W`_Ös�S y p'b"��b,|�Y[pmb�Y:}QW`UCc�b/Y[W n _ b/_i]�V n YdW n _

Wes�VXWZ_CW`VXWÃà,\^]K�(£�\"WZ_~}1\^s�Y[WZw1b�Y[\�]XV n SC_~YdW`_Cw"YdpC\�VNW`c[c n c�U n ©~\^s7Y n Y[pC\)sAY[cdS y Y[Sjc�b/f
s�Yd\,\,f
Ø ÙPUm\�b�VÿwxW`c�]~\,c�s n�o Y[pC\:UjSCW`f�]~W`_Cwj�(´ n �Ì\,}1\,c,�xW`Y���bxs otn Sj_m]XY[pmb�Y�Y[pj\7wxW`c�]Q\,c�sÌs�S~ÚG\,c o c n V
U n Ydp2pCWZw{p~Ù o c[\^r·SC\�_ y |-}~WZUCc�b�Y[W n _"_ n Wes�\T�1b/_m]"feb�c[wx\�f n ��Ù o cd\�r1SC\,_ y |v]~\3�m\ y YdW n _is ��W`Ydp"f n _jw
]Cb�V z W`_jw"Y[W`VN\�sÐ�
£�\ y p n sA\�W`_msAY[\�bx]öY n V n SC_QY�YA� n'n�o YdpC\�Y[pCcd\,\�VXW`cdc n c�U n ©~\�s n _ z WZf`f�b/c�s-c[WZw{We]Qf`|

b/YdY�b y pC\^]�Y n Y[pC\l� n1n c,�)g n c:YdpC\2pj\,W`wxp~Y:_j\,\�]~\�]Äµ�� � �ýÊXV�¶ o c n VÝY[pC\è� n1n c,�hY[pC\ z W`f`f�b/c
s�p n SCf�]öpib^}1\¡b�feb/cdw{\ y c n sdsðÙðs�\ y Y[W n _mb/f�b�c[\�b otn c"w{cd\�b/Yd\�s�Y"cdW`w{W�]~W`YA|1� £�\ y p n s�\Ä° � WZ_ y p
]~W�b/VX\,Yd\,c)p n fZf n � s�Yd\,\,f z W z \���WZY[pµ�Gb/Y z feb�Y[\�sX��\�fe]~\�] n _þY[pj\�\,_m]Cs�� � pC\ yÐn fZSCVX_
��bxsÇkif`f`\^]���W`Ydp y f`\^b/_±s�WZf`W y b�s[b�_m] otn c"}~WZUCc�b�Y[W n _±]Cb/V z W`_CwÖb/_m]%V�b{sds�f n b{]QW`_Cwj� � pC\
\�sAY[W`V¡b/Y[\^]¡V¡b{s[s n/o YdpC\ yÐn f`SCVN_¤W�s:² � �~wX��WZY[pÖb/U n SCYvÆxÎ � �~w n/o s[b�_m]K� � pC\ yÐn fZSCVX_ms
��\�c[\:U n fZY[\�]�Y n YdpC\ yÐn _ y c[\,Yd\È� n1n c�b/_m]�w{c n SCY[\^]¤W`_ z f�b y \vb o Y[\,c�km_ib/f zmn sAW`Y[W n _CWZ_CwC�
� pC\�YdpCW`c�]MVXWZc[c n c�U n ©%Wes"V n Sj_~Yd\�]�Y n b yÐn _ y cd\,Y[\�c n1n�o UCf nQy � n/o Y[pC\ y b,}1\'µªYdpC\



!<z]�8T�z �"è�áXë í�NáXäÞî 0 å^:í P�=

½+���d¹y�B��í��áí3�yæ��<����¹�¹��C�4���B�]�d��¸ �[ÔQæ��[ÔR�Ë�[� ÂR�º�»Õ

c�bx]~Web�Y[W n _X\,_ y f n s�SCcd\{¶�� � pCWes�UCf nQy ��µ � 
 ø Îè� � 
 ²~°U�)Ê~
 ø ²�V ¶���bxs�s�S zCzmn c[Yd\�] n _CfZ|Xb�Y�YdpC\
\,_m]js�UQ| n Y[pC\�c yÐn _ y c[\,Yd\"UCf nQy �jsÐ�K��pCW y pÄb�f`f n ��s-bXUm\,_m]~WZ_Cw�\,W`wx\,_CV n ]Q\1��´ n �Ì\,}1\,c�YdpC\
feb�c[wx\XV�b{sds n/o Y[pjWes:UCf nQy �%µPÊ~
 ø �%° � O �Qw~¶-sApCW o Y�s:Y[pC\Xcd\�s n _mb/_ y \�s�Y n f n � o c[\�r1SC\,_ y W`\�s��
s�WZ_ y \vw{\,_C\�c�b/fZf`| k j G °yï�ð'�-£�\ otn SC_m]'Y[pCW�s7V n SC_~YdW`_Cw)Y n Um\)b{s:w n1n ]�b{s n c�U¥\�Y[Y[\�c
Y[pib/_�YdpC\ z W`fZfeb�c,�
� pC\�VXWZc[c n c�shb/Y(YdpC\�Um\,_i]Cs(c[\�r1SCW`cd\Ìb{],Û[SmsAY[VX\�_~Yh��pCW`fZ\�SC_i]~\,c(}xb y SCSCV'�xb/_m]"s n V)Sms�Y

pmb,}1\�cd\,V n Y[\,fZ| yÐn _QY[c n fZf`\�]'b y Y[Smb�Y n c�sÐ� � pC\ yÐn V z b y Y yÐn VXVX\,c y WZb/f�b y Y[Sib/Y n c | i Sis�\�]�W�s
b z WZ\,à n \,fZ\ y Y[cdW y Ydc�b/_is[]~S y \,c�Y[pmb�Y�Y[SCcd_ms�b"s y c[\,�þU~|Ns�fZW z Ùðs�YdW y �"V n YdW n _��(�+sAf n �þV n YdW n _

n/o Y[pC\ z WZ\,à n�y b�Sms�\^s�b�s y cd\,��c n Y�b/Y[W n _�Um\ y b/SmsA\ n�o�o c[W y Y[W n _��G��pCW`fZ\)b o b{sAY-V n YdW n _Ë�ÏUQ|
W`_j\,c[YdWeb~� z c n ]~S y \�s�_ n c n Y�b/YdW n _Ë� É f`\ y Y[cdW y b�f z SCfesA\�s n/o b zCz c n ©QW`V¡b/Y[\�f`|%°,Ê � ¨ µ z \^b/�m¶
��W`Ydp±b o bxs�Y"c[W�s�WZ_Cw'\�]~wx\'b/_i]MbÄs�f n � o b�f`f`WZ_Cw'\�]~wx\ y b/SmsA\�c n Y�b/YdW n _±W`_ n _j\�]QW`c[\ y Y[W n _�°
s��¬b zCz W`_Cw o b{sAYXb�_m]%s�f n �5\^]~w{\�s�W�s�Y[pC\�cd\,}1\,c�sA\Xc n Y�b�Y[W n _�� � pC\ s z \,\^] n/o c n Y�b�Y[W n _÷W�s

z c n{zmn cdY[W n _mb/f�Y n YdpC\"_QSCV2Um\,c n/oÌz Sjfes�\^s z \,cvs�\ yÐn _m]�µ[°"�j´7à�V¡b/©m¶�� Ø Y:��bxs7_C\ y \�s[sdb/c[|
Y n s z f`W y \¤WZ_%f n �5c[\^s�WesAY�b�_ y \Äµ q ¢�ÙðÊ{²·¶ y b�UCf`\�W`_ z feb y \ n/o YdpC\'sAY�b�_m]Cb/c�] z p n _C\ y b�UCf`\

��Þ2ê	�������4�d�]�d�!tvu ¾���Õn½y�'�»¹��2ÀyÇ����d�a� â'Ý�ûÓÈ�êdûdÝ È«û�Ýdû�û3�
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SmsA\�]2UQ|2YdpC\:V�b�_~S o b y Y[Sjc[\,c��1s�WZ_ y \�c[\�sAWes�YdW`}1\�f n s[s�\^s�W`_ z p n _j\ y b/Ujf`\vµ � Î"�h£ ¢-¶ z c[\,}1\�_~Y

n{z \,c�b/YdW n _ ��W`Ydp�b y b�UCf`\-c[Sj_¤wxc[\�b�Y[\,c�Ydpmb/_Å° � V'�
� pC\"}xb y SjSCV�s�|js�Y[\�V pib{s-bXs�WZ_Cw{fZ\ z SjV z Ù n SCY zmn c[Y���b/_i]'bXs z b�c[\ �x� fZW`Yd\,c�©^s�\ y W n _

z SCV z V�b/WZ_~Y�b/WZ_C\�])b"s�Y�b�UCf`\ z cd\�s[sASCc[\ n/o °è�'° � ¢�� Y n c[c otn c�V�b/_Q|"V n _QY[pisÐ� £�pj\,_�Y[pCW�s
z SCV z�o b/W`fZ\�]K��Y[pj\ z c[\�sds�SCcd\2�¬b{svb/f`f n ��\�]�Y n ]~cdW o Y:S z ��b�c�]Cs��(b�_m]���bxs z SCV z \�]Ä] n ��_
b/wTb/WZ_ nQy,y bxs�W n _mb�f`f`|¡b{s�_C\,\�]~\^]K�

BDCFEqpzC B wëuXJxL�H��
� pC\�VXW`cdc n c�s�Sms�\�]"W`_)Y[pj\�Y[c�b�_ms zmn c[Y�sAp n Sjfe]2pmb,}1\�bxsÕpjW`w{pNb:c[\��i\ y Y[WZ}~WZYA|-b{s z¥n s[sAW`UCfZ\ otn c
Y[pj\�SCfZY[c�b,}QW n f`\,Y-µ � ¨�¶�febxs�\,c z SCf�s�\�s�� Ø Y���bxs:]~\�sAW`c�b/UCfZ\�Y n b/fZW`wx_�Y[pj\�W`_Q}QWes�WZUCf`\ � ¨ n _~Y n
Y[pj\ y b�Y[p n ]~\"��WZY[pÄb2}QWesAW`UCfZ\:c[\^]'´7\��7\)µPÎxÆ � �ý¸2_CV ¶���pCW y p�W�s yÐn f`fZW`_C\�b�c[fZ| z c nxz b/wTb/Yd\�]K�
g n cvY[pC\X\�f`\ y Ydc n Ù nxz Y[W y sdb/V z fZW`_Cw�\,© z \,c[WZVX\,_QY,��b�_�W`_ o c�b/cd\�]�Um\�b�VÓ�¬b{s"b/f�s n cd\�r·SjW`c[\^]K�
� n _is�\�r1SC\,_QY[fZ|�YdpC\XVXWZc[c n c�s-W`_�YdpC\XY[c�b/_ms zmn c[YNf`W`_j\2_C\�\�]~\�]�Y n pmb,}1\XpCWZw{pC\�sAY zmn s[sAW`UCfZ\
c[\3�m\ y YdW`}QW`YA| otn c2YdpC\ � ¨"�(b�_m]%b{]~\^r·Smb�Y[\ c[\��m\ y Y[WZ}~WZY�| otn c"YdpC\ n Y[pj\,c2�¬b,}1\,f`\,_jw{Y[pisÐ�Ä�
pQ|~UCcdWe]%]~WZ\,f`\ y Y[c[W y Ù¼VX\ÐY�b/f yÐn b/Y[\^]÷VXW`cdc n cv�~_ n ��_þbxs�û � ¨7ÙP\�_Cpmb/_ y \�]%b/fZSCVXW`_QSCV�ü���bxs
SmsA\�]¤WZ_�Y[pj\�\�b�c[f`|¡s�Y�b�w{\�s��:´ n �Ì\,}1\,c,�QY[pC\vc[\��i\ y Y[WZ}~WZYA|)b/Y � ¨�W�s n _CfZ| � �¯¸{Ê } ��pCW y p
w{WZ}1\�s yÐn _msAWe]~\�c�b/Ujf`\�f n sds�\�s n }1\,c ø c[\��i\ y Y[W n _ms�� � pC\�s�\��Ì\,c[\ÌS z wxc�b{]Q\�]�Y n b7Ydc[W z f`\ÐÙ yÐn b�Y[\�]
]~WZ\,f`\ y Y[c[W y VXWZc[c n c(��pCW y p"�¬b{s��Xx�²{¸ } b�Y � Î{Æ�_jVÈµ � ¨�¶��6�Xx�² ��} b/Y�° � ÊxÆ�_CVÈµ ØAq ¶��
b/_i]��yx5ÎxÊ } b�Y)Î{Æ � �ý¸'_CV µP´7\���\{¶�� � pC\,cd\�b/cd\ ø sAS y p�VXW`cdc n c�sÐ�
b/_m]�YA� n r·Sib/c[Ydà
��W`_i] n ��s�� q yÐn b/Yd\�] n _�U n Ydp%s�W�]~\�s"µ ø } b�Ums n c z YdW n _G¶-b/_i] n _C\¡r·Smb�c[Ydà2��WZ_m] n �9� q
yÐn b/Y[\^] n _"Y[pj\�b/WZc(sAWe]~\ n _CfZ|Xµ otn c
]~Web�w{_ n s�Y[W y s»¶���R n YdpC\�YdpC\ n cd\,Y[W y b/f1Ydc�b�_ms zmn cdY�\ c y W`\,_ y |
Wes � 
ý²x¸ i � � 
ý²xÎ ¶ � � 
ý² � �ì³^¸ } �1��pCW y p)] n \�s(_ n Y�WZ_ y fZSm]~\�f n s[sA\�s n _)Y[pC\�cd\,V n Yd\ÐÙ yÐn _QY[c n f`fZ\�]
W`cdWes:µAR1\ y YdW n _ � �ý²·¶�� � pj\"r1Smb/cdY[à-}xb y SCSjV ��WZ_m] n ��s�] n VXWZ_mb/Yd\:Y[pj\�f n sds�\�s�� � b��~WZ_CwN¸ ��}
otn c-YdpC\"W`cdWes7Ydc�b/_jVXWesds�W n _��K�Ì\2\,© z \ y Y:Y n ]~\,f`WZ}1\,c�b/U n SCY"Î ��} n/o Y[pC\ � ¨ \,_~Yd\,c[WZ_CwXYdpC\
Y[c�b/_ms zmn c[Y"fZW`_C\ n _QY n Y[pC\ y b/Ydp n ]~\1��b�_m]�]~\ z \,_i]~W`_Cw n _%Y[pj\2WZc[Wesvs�\,YdY[WZ_CwC�h��\)VX\�b{sASCc[\
YA| z W y b�f`f`|)Ê �6o ³ ��} n }1\,c�b�f`fP�
R1W`_ y \-Y[pC\-Y n Y�b�f Ydc�b/_is zmn cdY-]~WesAY�b�_ y \-Wes�b zCz c n ©QW`V�b�Y[\,fZ| �x� VÖ�Cs n VX\:Ydp n SCwxp~Y�V)Sms�Y

Um\-w{W`}1\�_XY n Y[pC\ z c n{z b�w1b�Y[W n _ n/o Y[pC\-Um\�b�VÈs�WZà,\1� � pj\�\�ÚK\ y Y�s n�o ]~WlÚGc�b y YdW`}1\-s z c[\�bx]~W`_jw
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 ~20m

f=+2mf=+50cm
f=–15cm cathode

 ~41cm  ~1m
transport line

½+���d¹y�B��í��áí3�yæ Ï Ùd���]�ÆÅÚ�[�.�]Å��X���h�[�����B���Ë�Ó×R�����ý�Ø�d���]Å��XÁa�n�BÅy�B�d¹y�dÅD�BÅ��ý�B�Æ�����B� �d�]���������d�

otn cÇbXfeb/cdw{\ � ¨ÜU¥\^b/V�b/c[\)_ n Y"s�\�}1\,c[\1� � pC\ q b,|Qf`\,WZw{p'f`\�_Cw{Ydp{z Y otn c"b Æ¡VNV?��b�WesAY
¢�b/Smsds�W�b/_'Um\�b/V b/Y � Î{Æ"_CV5W�s

z Y � ��74¶&@ �$° �x� V µ � �ýÆ � ¶

� Ê8-`°x�ýÊ:\,© z b/_msAW n _XY[\,fZ\�s y�n{z \�Um\ otn cd\:Y[pC\�Y[c�b/_ms zmn c[YÌ\,_Cf�b/c[wx\�]"Y[pC\�s�V�b�f`f � ¨�U¥\^b/V'�
Ø Y7�¬b{s:]Q\�s�WZc[\�]�Y n \,© z f n W`Y�YdpC\�WZV z c n }1\^] zmn W`_QY[WZ_Cw�sAY�b/UjW`f`WZYA|XU~|�WZV�b/wx\�cd\,feb,|QW`_Cwj� � pC\
Y[\�f`\�s yÐn{z \"��bxs�bx],Û[Sms�Yd\�]�_ n Y otn c y�n f`fZW`V�b�Y[W n _��mUCSCY otn cÇbX��b/W�s�Yvb/Yvpmb/f o YdpC\2fZ\,_CwxY[p n/o
Y[pj\:Y[c�b/_ms z¥n c[Y�fZW`_C\-µ¼s�\,\-sA�1\,Y y p"W`_¡g W`wxSCc[\ � � � Î·¶��~V�b��~WZ_Cw-Y[pC\�Um\�b/Vúb/wTb/WZ_¤f�b/cdw{\:WZ_2YdpC\

y b,}1\1�N� £ � � � VÝf`\,_ms:WZ_�Y[pC\ y b,}1\"f nQy b/Y[\^]÷°2V o c n VÝY[pC\ y b/Ydp n ]~\���bxs�SmsA\�]�Y n
c[\^]~S y \ÌY[pC\ÌU¥\^b/VÜsAW`à,\ÌU~|vb o b y Y n c n/o YA� n�n _"Y[pj\ y b�Y[p n ]~\T��Í�|�bx],Û[SmsAY[W`_jw:Y[pC\�Yd\,f`\^s yÐnxz \
W`_'YdpC\)feb{sA\,c-c n1n V'�KY[pj\2Um\�b�V s�W`à�\"W`_'Y[pj\ y b,}1\ yÐn SCf�]ÞUm\Nb{],Û[Sis�Y[\^] n }1\,c-s n VX\vc�b�_Cw{\
��pCWZf`\-sAY[W`fZfKcd\,Y�b�W`_CWZ_Cw"Y[pC\ y pmb/c�b y Yd\,c[W�s�YdW y s n/o WZV�b/wx\:c[\,f�b,|~WZ_CwC�
� n b y pCWZ\,}1\"]Q\,f`W y b/Yd\ yÐn _~Ydc n f n }1\�c:Y[pC\"f�b{sA\,cvs�W`à�\1��b{s:�Ì\,f`f
b{s:Y n y fZW z YdpC\"\�]~wx\�s n/o

Y[pj\�febxs�\,cÇµª��pCW y p y b/_ yÐn _QY[cdW`UCSCYd\"sAY[c n _Cw{fZ|�Y n Y[pC\v\,VXWZY[Y�b�_ y \ n/o Y[pC\"\,fZ\ y Ydc n _�Um\�b�V�¶��
bXc[\,V n Y[\�Ù yÐn _~Ydc n f`f`\^]2W`cdWes7�¬b{s:W`_msAY�b�f`f`\^]¤W`_'YdpC\ y b,}1\1�Gb{s7�¬b{s z cd\,}~W n SmsAf`| ]~W�s y Smsds�\�]�WZ_
R1\ y Y[W n _ � �ý²Q�
Ø _þg W`wxSCc[\ � � � ³Ä�Ì\Äs�p n �ÈY[pC\ zmn s�W`YdW n _ n�o Y[pj\'c[\,V n Y[\ÐÙ yÐn _~Ydc n fZf`\�]�WZc[Wes���b/_i] YdpC\

]~W�b/w{_ n s�YdW y s n/o Y[pC\ � ¨ n _±Y[pC\ y b/Ydp n ]~\1�þR1W`_ y \XY[pC\ Um\�b/VXfZW`_C\)\,_ y f n sASCc[\�W�s2b'pCW`wxp
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c�bx]~Web�Y[W n _%b�c[\�b�]~SCcdW`_Cw n{z \,c�b/Y[W n _��hW`Y-Wes-]~\^s�W`c�b/UCfZ\2Y n U¥\¡b/UCfZ\2Y n V¡b/�1\)b/fZf(_C\ y \�s[sdb/c[|
b{]�Û[Sms�YdVX\,_QY�s�Y n YdpC\-febxs�\,c�]~\�f`W`}1\�c[|���WZY[p n SCY�s�pQSCY[YdW`_Cw n ÚÄY[pC\vb y�y \,f`\�c�b/Y n c�Y n V�b/�1\-b�_
b y�y \�s[s�� � pC\X}QW`cdY[Smb�f y b�Y[p n ]Q\XWesvb�Y�b/cdw{\,Y z feb y \�]�b�Y)b/_�\^r·SCWZ}xb/f`\�_~Yv]~W�s�Y�b�_ y \XY n YdpC\
c[\^b/f y b/Ydp n ]~\1��s n Y[pmb�Y�YdpC\�s zmn Y)s�W`à�\Xb�_m] zmn WZ_~YdW`_Cw n/o Y[pj\Xfebxs�\,cvb/cd\XV�b zCz \�]M°Ì-`°XY n
Y[pj\�}QW`cdY[Smb�f y b/Ydp n ]~\1� � pC\-Y�b/c[wx\,Y�V�b/Yd\,c[W�b/fKW�sÁ��pjW`Y[\:kmfZVÈs�Y nQy �Äµ otn c�UCf�b y ��b/_m]���pCW`Yd\

z cdW`_QY�s»¶ z b/WZ_~Yd\�]X��W`Ydp�b!�iS n cd\�s y \�_~YÌ|1\,f`f n ��WZ_C�G�(�+}~W�s�WZUCf`\�f`WZw{pQY7���Ìu y b/VX\,c�b:Wes�SmsA\�]
Y n V n _CWZY n c YdpC\�f�b{s�\�c�s zmn Y�� � pC\�\,_C\�c[w{| n�o YdpC\ � ¨ z SCf�s�\�shWes V n _CW`Y n cd\�]:W`_"Y[pj\ y b,}1\�UQ|
b z p n Y n ]~W n ]~\vb/_m]2UQ|"bvs�WZf`W y�n _"\,_C\�c[w{|vVX\,Yd\,c,�(��c n s[s y b/fZW`UCc�b/Y[W n _ n/o Y[pC\ � ¨ z W y � n ÚXW�s
] n _C\:��W`YdpXb z |Qc n \�f`\ y Ydc[W y \,_C\�c[w{|"VN\,Y[\,c��h�7fes n sAp n ��_XW`_Ng WZw{SCcd\ � � � ³�b/cd\:YA� n Y[SCcd_CW`_jw
VXWZc[c n c�s���pCW y p�pmb,}1\:c[\,V n Y[\ yÐn _QY[c n f`fZ\�]Xb y Y[Smb�Y n c�sÐ�
� pC\Ns zmn Y z c n kmfZ\�s n UjY�b/WZ_C\�] o c n V?Y[pj\2}QW`cdY[Smb�f y b�Y[p n ]Q\Xb�c[\)_ n Y-SmsA\ o SCf(W o Y[pC\l�mS~Ù

n cd\�s y W`_Cw%]Q|1\�sXb/cd\Äs[b�Y[SCc�b/Y[\^]K� � n Y[\�sAYXY[pj\'f`W`_j\�b/cdW`YA|1��Y[pC\ n _Cf`WZ_C\Ä]Cb/Y�b%b y r1SCWesAW`YdW n _

z c n w{c�b/V µ�R1\ y Y[W n _ÄÆ~�Z°/¶�f n w{wx\�]ÞYdpC\"febxs�\,c-\,_j\,c[wx|�Y n w{\,YdpC\,c-��W`Ydp�YdpC\ z WZ©~\,f
s�SjV o c n V
Y[pj\ y b/VX\�c�b�W`V¡b/w{\T� � pC\ z WZ©~\�fhs�SCV���b{s y b/f y SCfeb�Y[\�] n }1\,c:b)c[\,wxW n _ n�o W`_QY[\,cd\�s�Y�feb�c[w{\�c
Y[pib/_ÄY[pC\Ns zmn YvW`V�b�w{\vUCSCYvs�V�b�f`fZ\,c7Ydpmb/_ÅY[pC\"\,_QY[WZc[\ o c�b/VX\1� � pC\l�mS n c[\�s y \,_ y \ n�o YdpC\
}QW`c[YdSmb/f y b/Y[p n ]~\-��b{s�s�p n ��_ Y n Um\�fZW`_C\^b/c�S z Y n)n Sjc�V�b/©QW`V)SCV � ¨+W`fZf`SCVXWZ_mb/YdW n _msÐ�
� pC\XYA� n VXWZc[c n c�s�W`_msAWe]~\"YdpC\2}xb y SCSCV y pib/V)U¥\�c�µtW`_ y c n s[s ó °/¶�b/cd\2km©Q\�]K�XÍ�\ otn c[\

b{sds�\,V)UCfZ|2WZ_�Y[pj\ y f�b{s[s-° � y f`\�b�_�c n1n VÖ�¥YdpC\vb/f`WZw{_CVN\,_~YÌ��bxs:] n _j\���W`Ydp'b2V nQy �1ÙPS z¤n _
Y[pj\�Um\,_ y p��mb�_m]¡k¥]~S y W�b/f�V�b�c[�js���\,cd\:f`WZw{pQY[f`|Ns y c[W`Um\�] n _ Y[pC\-V n SC_~YdW`_Cwo�Gb/_jw{\1��� o Y[\,c
y fZ\�b/_CWZ_CwC��YdpC\2VNW`c[c n c�s:b/_m]ÄV n SC_QY�s���\,cd\2cd\�b{sds�\,V)UCf`\^]¤��W`Ydp�cd\ o \,cd\,_ y \"Y n YdpC\Ns y cdW`Um\
V�b�c[�js�b/_m]-W`_msAY�b/fZf`\�]G��µ � pC\�WZ_ z SCY�c�b,| y b/_�� n/oGy�n SCc�s�\1�{Um\ y pmb�_Cw{\^]�Y n-yÐn c[c[\ y Y otn ch\,c[c n c�s
s n f n _CwÖb{s-b�s n fZSCY[W n _Ä\,©QWes�Y�sÐ�Ã¶ � pC\ o Sms�\�]'sAW`fZW y b2VNW`c[c n c�s�SCUis�Y[c�b/Yd\�s2µ¼Î¡VNV YdpCW y ��UQ|
� ÊQ� ø VNVÈ]~Web�VX\,Yd\,cÐ¶Õb/c[\ y�n b/Yd\�]���W`Ydp'b2V)SCfZY[W`f�b,|{\,cÌ]~WZ\,f`\ y Y[c[W y s�Y�b y ����W`Y[p'cd\��m\ y Y[W`}QW`YA|� ¹ ²{² } b�Y � ÎxÆ¤_CV b�_m]`� ¹õÊ ��} otn c"ÎxÆ{Æ¤_jV µP´7\���\"c[\�]¥¶��Xu7WZ\,f`\ y Y[cdW y V¡b/Y[\�c[Web�f
y f n s�\�Y n YdpC\7\�f`\ y Ydc n _"U¥\^b/V y b�_2Um\ yÐn VX\ y pmb/cdw{\�]K�h£�\ n Uis�\,cd}1\�]�Sj_m]~\,cÌs n VX\�c[Sj_C_CW`_jw

yÐn _m]~W`YdW n _ms:bXsAf n �$]~cdW o Y:WZ_�Y[pj\ zmn sAW`Y[W n _ n�o YdpC\"\,fZ\ y Y[c n _�Um\�b/VÀs zmn Y-��WZY[p nQy�y b{sAW n _ib/f
s�Si]C]~\,_ÖÛ[SCV z s�WZ_ zmn s�W`YdW n _�� � pCW�s��¬b{s)b/Y[Ydc[WZUCSCY[\^]öY n s�f n � y pmb/cdw{WZ_Cw n�o Y[pj\�VXWZc[c n c
s�SjUms�Ydc�b/Yd\�s�b/_m] s�Sm]C]Q\,_']~W�s y pmb/cdw{WZ_Cw�µPs z b/cd�~WZ_Cw~¶��
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£�\vV�b{]Q\-b�}xb y SCSCVÈUCcd\�b/��W`_�YdpC\�wxSC_�Y n cd\ z feb y \-Y[pC\Ç]~W`\�f`\ y Ydc[W y7yÐn b/Yd\�]¤VXWZc[c n c�s��
� pC\)_C\,� VXW`cdc n c�s7SmsA\�]�b�û � ¨�ÙP\,_jpmb/_ y \�]�b�f`SCVNW`_QSCV�ü yÐn b/Y[WZ_Cw n _%b�Í�ß�³XsASCUmsAY[c�b�Y[\
µ[°-VXVÜYdpCW y �2UQ| � Ê~� ø VNV5]~W�b/VX\�Y[\,c�¶(b�_m]¤�Ì\,c[\�Umb y �1\�]2UQ|�b�VX\,Y�b/fË]~Wes y � � pC\vc[\��i\ y Ù
Y[WZ}~WZYA|�Wes�f n ��\�c,����¹�¸x¸ } b/Y � ÎxÆ�_CV'� � p~Sms o b�c,�Q��\:pmb,}1\�_ n Y n Ums�\�c[}1\�]Xb�_~| y pmb/cdw{W`_jw
\ÐÚG\ y Y�sÐ�-´ n �Ì\,}1\,c,�mY[pj\�s�\Çs[b/VN\�VXWZc[c n c�s�pmb,}1\�Um\,\,_'Sis�\�]'\,fesA\,��pC\,cd\-W`_'Y[pj\"U¥\^b/V?fZW`_C\
b{s7ô ��q s y cd\,\,_ms�µPsA\,\�R1\ y Y[W n _ ø � � n _ z b/w{\)°x° ø ¶��mb/_m]�sA\,}1\,c�b�f n/o Y[pj\,Vÿ�Ì\,c[\�]Cb�V�b/wx\�]
UQ|Ä]~W`\,fZ\ y Ydc[W y UCc[\^b/�j] n ��_+ñÄÛ�b�w{w{\^] y c�b y �QW`_Cw b/_i] y c�b�à,W`_jw n�o Y[pC\ yÐn b/Y[WZ_CwC� a n f`WesApCW`_jw
b'UCSCf`�ÅVX\,Y�b�f�sASCc o b y \�Y n Y[pC\ ]~\,wxc[\,\�_C\ y \�s[sdb/cd| otn cNbÞf�b{sA\,c)b/_m]�b�Y"Y[pC\Ös[b�VX\XY[WZVX\

n UjY�b/WZ_CW`_jwXb�pCWZw{p \,_ n Sjw{p�cd\��m\ y Y[W`}QW`YA|vW`_�Y[pC\ � ¨$cd\,V�b/WZ_ms�b�Yd\ y pC_CW y b/f y pmb�f`f`\�_Cw{\1�
BDCFEqpzC � ÊjSÎL[ZrJxL�Zz\��xL�J6JxO�b
� pC\ zmn WZ_~YdW`_CwNÛ[W`YdY[\,c n/o YdpC\�f�b{s�\�cXs z¥n Y n _QY n YdpC\ y b�Y[p n ]Q\'��b{sXVX\^b{s�Sjc[\�]���W`Ydp÷YdpC\
}QW`c[YdSmb/f y b�Y[p n ]~\"Y�b/cdw{\,Y���ô�}1\,c�V�b�_~|�sAp n Y�sÐ��Y[pj\�W`V¡b/w{\vb y r·SjW`c[\^]¤Wes�b/_ib/f`|Qà,\�]�Y n ki_m]
Y[pj\ y \,_~Ydc n We]2WZ_¤U n Y[pn� b/_m]�h2SmsAW`_Cw)Y[pC\vsAY�b/YdWesAY[W y b/f�]Q\Ðkm_CWZY[W n _ n/oÌy \�_~Ydc n W�]K�

� Õ ��� | � £ µ���,�hC¶� | £ µ���,�hC¶ µ � �ýÆQ°/¶

��pC\,cd\o��Wes�YdpC\ w c[\ y Y�b�_Cw{SCf�b/c x cd\,w{W n _ n�o W`_QY[\,cd\�s�YÌb�_m] £ µÆ��,�hi¶
Wes(Y[pj\ z W`©Q\,fC}xb�f`SC\-b�Y�YdpC\
yÐn1n c�]~WZ_mb/Yd\�µÆ��,khi¶�WZ_ms�W�]~\D��� � pC\7\�_ms�\,V)UCfZ\ n/oÏy \,_QY[c n We]�}xb�f`SC\�shWes(Sms�\^]�Y n ki_m]2Y[pj\�c[V�s
zmn sAW`Y[W n _ \,c[c n c,�
� pC\�}~WZc[Y[Sib/f y b/Ydp n ]~\:Y�b/cdw{\,Y��~bxs�]~\^s y cdW`Um\�]"b/U n }1\vµPg WZw{SCcd\ � � � ³x¶��QWes�b � ¨ �iS n cd\�s y Ù

W`_jwXV�b/Yd\,c[W�b/fhV n Sj_~Yd\�] n _ y \,_QY[W`VN\,Y[\,cAÙPcdSCf`\�]Xw{c�b z p z b z \,c��"�ÿ���Ìu y b/VX\�c�b"f n1n �QW`_jw
b/Y�YdpC\7Y�b/cdw{\,YÌpmb{])s�S c y WZ\,_~Yhkm\,fe] n�o }~WZ\,�%Y n s�\�\7YdpC\7wxc�b z p z b z \�c�fZW`_C\^sÐ�1s n b�sA\ z b�c�b/Yd\
]~W�s�Y�b�_ y \ y b/f`WZUCc�b�Y[W n _�W`V�b�w{\���bxs�_ n Y�_C\�\�]~\�]K�(£Ä\ otn SC_m]¤Ydpmb/Y�YdpC\:cdV�s zmn sAW`YdW n _�\,cdc n c
��bxs2° ø � �GV µ � �ýÊ z W`©Q\,f�s»¶�WZ_¦��b�_m]�sAf`W`wxp~Ydf`| f`\�sds:b/YN°,Æ � �KV µ � �ýÆ z W`©Q\,f�s»¶�WZ_�hm� � pC\h']Cb�Y�b's�p n ��_%WZ_�g WZw{SCcd\ � � � ¸�pmb{s-c[V�s:\,cdc n c � � � z WZ©~\,f�sÐ��g n cÇb¤Ydc�b/_is zmn cdY)]~WesAY�b/_ y \
n/o � �{� V Y[pCW�s�Wes�\^r·SCWZ}xb/f`\�_~Y-Y n b�_÷cdV�s-b/_CwxSCfeb�c zmn WZ_~YdW`_Cw)Û[WZY[Yd\,c n�o ³�Gc�b{]G� Ø _±b
VX\�bxs�SCcd\,VX\,_QY n/o YdpCWes�s n c[Y:WZY�Wes�_ n Y z¥n s[sAW`UCfZ\�Y n ]~WesAY[W`_jw{SCW�s�p�Um\,YA�Ì\,\,_h�mS y YdSmb/YdW n _msÁWZ_
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Y[pj\"s z b/Y[W�b/f z c n kif`\Xµtp n Y�s zmn Y�s»¶�b�_m]'s zmn Y�V n YdW n _Ë�ms�W`_ y \�U n Ydp'��W`fZf yÐn _QY[cdW`UCSCYd\�Y n YdpC\
s�Y�b/YdWes�YdW y b�f y \�_~Ydc n W�]¤µt\�r1Smb/YdW n _ � �ýÆQ°/¶�� � pC\�p n cdW`à n _~Y�b/f�b�©~W�s n/o YdpC\ z f n Y�W`_Ng WZw{SCcd\ � � � ¸
Wes z c nxzmn c[YdW n _mb/fhY n Y[pC\:f�b{sA\,c�\,_j\,c[wx|1�Cb�_m]XY[pC\,cd\7W�s�_ n sAW`wx_CWlk y b/_QY yÐn c[c[\�feb/YdW n _XUm\,YA��\,\,_
Y[pj\�f�b{sA\,c�\,_C\,cdw{|�b�_m]¤YdpC\-febxs�\,c zmn WZ_~YdW`_Cwj�
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Ø _ÜY[pCW�sM��pmb z Y[\,cÅ��\þ]~\�s y c[WZUm\÷Y[pj\�\,f`\,VN\,_~Y�s�b�_m] z \,c otn cdV�b/_ y \�b y pCWZ\,}1\�]+U~|$YdpC\
��ñ¯a(p n Y n WZ_�Û[\ y Y n c,�Ì�+]~c�b,��W`_Cw n�o YdpC\-U¥\^b/VXfZW`_C\���bxs�w{W`}1\�_XW`_ g WZw{SCcd\"°{�Z° n _ z b/w{\vÊQ�
Ø _ z b�c[YdW y SCf�b/c��/�Ì\�cd\ zmn cdY n _ z p n Y n \,VXW�s[s�W n _-c[\^s�SCfZY�s o c n V$YdpC\�pCW`wxp~ÙAr1Smb�_~YdSCV$\ c y W`\,_ y |
�Ìs ¶ � \ z p n Y nQy b�Y[p n ]~\^sÐ��£Ä\vb/fes n ]QWes y Sms[s�b�VX\^b{s�Sjc[\,VX\�_~Y n�o YdpC\ n }1\,c�b�f`fKYdW`VXWZ_CwÌÛ[W`YdY[\,c
Um\,YA��\,\�_XY[pC\ � ¨$f�b{s�\�c z SCfesA\vb/_m]�Y[pC\ q g n�o YdpC\-w{SC_Ë�
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� pC\ ]~\�sAW`wx_ n/o Y[pC\ z p n Y n WZ_�Û[\ y Y n c"Wesv]~\�s y c[WZU¥\^]�U~| É � q ��� n fZU~| w Æ1³ x ��R n VX\)c[\ y \�_~Y
c[\^s�SCfZY�s�b/cd\-c[\ zmn cdY[\�]�W`_�Y[pj\ y�n _ o \,cd\,_ y \�f`W`Yd\,c�b�Y[SCcd\ w ²Q° o ²{Æ x �
� pC\�wxSC_�W�s b-°{� Î � Ê^Ù y \,f`f~�¥Ù¼V n ]~\�_ n c[V�b�f yÐn _i]~S y YdW`_Cw yÐnxzCz \,c
s�Y[cdS y YdSCc[\¬b/YÌ°{�ýÆ:¢�´7à1�

� pC\ o SCfZf y \,f`f�W�s:s�W�]~\ÐÙ yÐn S z f`\�]�Y n YdpC\"��b,}1\,wxSCWe]~\T�mb/_m]�YdpC\"pmb/f o¬y \,f`f�W�s7W`cdWesPÙ yÐn S z fZ\�]¤Y n
Y[pj\ o SCfZf y \,fZfP��£Åb/Y[\�c y�n1n f`WZ_Cw y pmb�_C_C\,f�sÕWZ_ms�W�]~\�Y[pj\:sAY[c[S y Y[SCcd\:b�c[\�\,_CwxW`_C\,\�c[\�]�Y n c[\�V n }1\
Æ{Î��Q£ b,}1\,c�b�w{\�pC\�b�Y�f n b{]�b/YÌY[pC\ o SCf`f ��É R § �$]~SCYA| y | y f`\-µ[° } ¶��(£�W`Ydp�Æ���£ µ z \^b/�m¶

n/o b,}xb/WZfeb/Ujf`\ q g zmn ��\,c��¥YdpC\"YA| z W y b/fhb y,y \,fZ\,c�b�Y[WZ_Cw2wxc�bx]~W`\,_QY:W�s7ÆxÊ¤��¨M©,V µ ø � ��¨M©,V
V�b�©¥¶��
� pC\�Uib y � z feb�_C\ n/o YdpC\-w{SC_Äb y,y \ z Y�s�b"V n fZ|~UG]~\,_QSCV y b�Y[p n ]Q\ z f`SCw n _���pCW y p�YdpC\

Y[\�f`f`Sjc[W`SjV?b�_m] y \^s�W`SjV?feb,|1\,c�s7pmb,}1\"Um\,\,_Ä\,}xb zmn c�b/YdW`}1\,fZ| yÐn b/Y[\^]K� � pC\ z p n Y nQy b�Y[p n ]Q\

z cd\ z b/c�b/YdW n _ y pmb/V)Um\,c���W`YdpXV�b/_jW z SCf�b/Y n c�b�c[V�s�Wes�V n SC_QY[\^]2]~WZc[\ y Y[f`|"Um\,pjW`_m]XY[pj\:w{SC_Ë�
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� pC\ y pib/V)U¥\�c,��UCSCW`fZY�U~| Ø ��g(����W`f�b/_ n �{Wes�]~\�sAW`wx_C\�]"Y n �1\,\ z YdpC\ y b/Y[p n ]~\:SC_m]Q\,c�SCf`Ydc�b^Ù
pCWZw{p�}xb y SCSjV?µ � ´7¨�¶ yÐn _m]~W`YdW n _ms�b{s�WZY�Wes�Y[c�b/_ms o \,c[cd\�] o c n V5Y[pj\ z c[\ z b/c�b/Y[W n _ y pmb/V)Um\,c
W`_QY n YdpC\-w{SC_ w ² ø x �
g nQy Sms�WZ_Cw-s n f`\�_ n W�]Cs(b/c n SC_i]�YdpC\�wxSC_)b/cd\�Y[pC\ y c[WZY[W y b/f1Um\�b/V n{z YdW y sh\,f`\,VN\,_~Y�s otn c(YdpC\

�Ìb/cdfesAY[\,_ \,VXW`YdY�b�_ y \ yÐn V z \,_msdb/Y[W n _Ös y pC\,VX\"µ¼s�\,\"R1\ y Y[W n _'ÆQ�ýÊ1¶����:s�]~\�s y c[W`Um\�]�W`_ w Æ·³ x �
Y[pj\2WZ_�Û[\ y Y n c:SmsA\�s�bX_ n }1\,fÕs z fZW`Y�Ù otnQy Smsds�WZ_Cw's n f`\�_ n W�])-�b z c[WZV�b/cd|'s n f`\�_ n W�]K�hb¤UCS y �QW`_Cw
s n f`\,_ n We]Äµª��pCW y p�W�sÁYdpC\�VXWZc[c n c�WZV�b/wx\ n/o YdpC\ z cdW`V�b�c[|:ýÐ�2�j���C�¤Y[pj\ y b�Y[p n ]~\"Y n \�_ms�SCcd\
Y[pib/Y�Y[pC\vb/©QWeb�f�V�b/wx_C\,YdW y km\,fe]X}xb/_jWes�pj\�s�b/Y�Y[pC\ y b�Y[p n ]Q\{¶�b�_m]�b"sA\ yÐn _m]Cb/cd| s n fZ\,_ n We]K�
ô�_C\�SC_QSmsASmb/fjb{s z \ y Y n�o Y[pjWeshs�|js�Y[\�V+Wes�Y[pC\�SmsA\ n�o s�S z \,c yÐn _i]~S y YdW`_Cw q g�Y[\ y pC_ n f n w{|1�

� pC\ y b z Y[Sjc[\ y b,}QW`YA|XWes�bX²^Ù y \,fZf _CW n UCWZSCVÝsAY[cdS y Y[Sjc[\���pjW y p�Wes n{z \,c�b�Y[\�]Äb/YÇ°{�ý¸Nß0WZ_Äb

y cd| n s�Y�b/YN]~\�sAW`w{_j\�]�U~|÷ô�c�s[b,|1��b�_m]MUCSjW`f`Y"UQ|�WZ_m]~SmsAY[c[|T� � pC\ y b,}~WZYA|1� yÐn _is�Y[cdS y Yd\�]÷b�Y
u É R1�"�hWes o c n V b�Umb�Y y p���W`Ydp%f n �9r·Sj\,_ y p�km\,f�]÷µ[°�Æ���¨�©�V®b�Y y �:¶���b�Y[Ydc[W`UjSCY[\�]�Y n
yÐn _~Y�b/VXWZ_mb/YdW n _)b�YÌb/_X\�r1Smb�Y n cdWeb�fC��\,f�]K� £�WZY[p �{�x� �Q£ µ z \�b��¥¶ n�o b,}xb/W`f�b/UCfZ\ q g zmn ��\,c��
��\vc n SCY[WZ_C\,f`|¡b y pCW`\,}1\�w{c�bx]~W`\�_~Y�s n�o ° � ��¨M©,V'� Ø _�}1\,cdY[W y b/f�Y[\^s�Y�s�b/Y�u É R1�"�mY[pj\ m n/o
Y[pj\ y b,}QW`YA|2\�© y \�\�]~\�]�° � | & Um\,f n � r·SC\�_ y pË� � pCW�s7b�w{cd\,\�s���W`Y[p Y[pmb�Y7WZ_ o \,cdc[\�] o c n V y c[| n
f n s[sA\�s�µ n _ y \�Y[pj\ y�n S z fZ\,c�Wes�W`_is�Y�b�f`fZ\�]K�CY[pj\Im y b�_C_ n Y�Um\�VX\^b{s�Sjc[\�]X��W`Ydp q g%U¥\ y b/SmsA\
n/o Y[pC\Çs�Y[c n _Cw yÐn S z fZW`_CwQ¶ w ²{Ê x � � pC\ y b,}~WZY�|NWes�\�r·SjW zCz \�]X��W`Ydp'b y�n fe]�Y[SC_j\,c7��pjW y p¤pib{s
b"Y[SC_CWZ_Cw"c�b�_Cw{\ n/o m ø �x� �C´�à1�
� pC\)V�b/wx_C\,Y[W y UCSj_ y p y�n V z cd\�s[s n c:W�s:b y pjW y b�_C\ n�o ø ]~W zmn f`\�s�� Ø Y:Wes:b�_mb/f n w n Sms�Y n

b/_ n{z Y[W y b/f yÐn V z cd\�s[s n c n/o�otn SCc-w{c�b/Y[WZ_Cw1s"µ¼s�\,\)g WZw{SCcd\)Æ~�Z°/¶�� � pC\ y pjW y b�_C\�W�s:]~\�sAW`w{_j\�]

otn c�b zmn sAW`Y[WZ}1\:Y[\�V zmn c�b�f�]~W�s z \,c�s�W n _�� ß � � ²6
 � y V�µªV�b�©~WZV2SjVX¶ w Æ1³1��²xÎ x �C��pjW y pXWes�YdpC\
}xb/cdWeb/YdW n _�W`_NY[pC\-\,_C\�c[w{|¡]~\ z \,_m]~\�_ y \ n/o Y[pC\ z b�Y[p f`\,_CwxY[p�-

� ß � � §�1
µ�§+pMï p�¶ 
 µPÆQ�`°�¶

g n c zmn sAW`YdW`}1\l� ß � YdpC\-UCSC_ y p�Wes�wxW`}1\,_�b"_C\,wTb/YdW`}1\:\,_j\,c[wx|·Ù z pmbxs�\ y�n c[cd\,feb�Y[W n _��Q��W`Y[p�YdpC\
pC\�bx]�pmb,}~WZ_Cw�b2f n ��\,c�\,_j\,c[wx|�Y[pib/_'Y[pj\�Y�b�W`f¼� Ø _�YdpC\"Um\,_m]Cs n�o Y[pC\ y pCW y b/_C\1�CYdpC\�V n c[\
\,_C\�c[w{\�Y[W y�z b/c[YdW y fZ\�s:b�c[\)U¥\�_~Y:UQ|Äb�s�V�b�f`fZ\,c:b�_Cw{fZ\1�(b�_m]Äs n Y�b/�1\"YdpC\2WZ_ms�W�]~\ z b�Y[pÅb/_m]

y b�Y y p¤S z Y n Y[pC\ z b�c[Y[W y f`\^s�b/Y�Y[pC\vpC\�b{] n/o YdpC\�UjSC_ y p���pCW y p�Y n1n ��Y[pC\vf n _jw{\,c n SCY�s�W�]~\
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z b�Y[p�� � pC\ zmn f`\ o b y \�s n/o YdpC\)]~W zmn f`\�s:b�c[\"Ydc�b z \,à n We]jb/f�µt_ n Y-sAp n ��_'W`_Äg WZw{SCcd\"ÆQ�`°/¶Ás n
Y[pib/Y�YdpC\�\�]~wx\�s�b/cd\ z \,c z \,_m]QW y SCf�b/c(Y n YdpC\7Ydc�b,Û[\ y Y n c[|1� � pCW�s�WeshY n V¡b/�1\�YdpC\ o c[W`_jw{\�km\,fe]

otnQy Smsds�WZ_Cw w ²·³ x \�r·Sib/f1W`_�U n Y[pä��b/_i]1h z f�b/_C\^sÐ� Ø Y�WesK_C\ y \�s[sdb/c[|�Y n b{]�Û[Sms�YhY[pC\Ìr1Smb{]Qc[S zmn fZ\
] n SCUCf`\�Y�S z s�Ydc[\�b�V n/o Y[pC\ y pCW y b�_C\:Y nXyÐn V z \,_msdb/Y[\ otn c�Y[pCW�s�s�Y[c n _Cw otnQy Smsds�WZ_CwC�
�$s z \ y Ydc n VN\,Y[\,cÌV�b/wx_C\,Y-µtU¥\�_m]~W`_jw2WZ_�Y[pj\�p n c[WZà n _QY�b�f z feb/_j\{¶�Wes�Sms�\^] otn c7V n VX\,_QÙ

Y[SjV b/_mb�f`|js�Wes��)gic n VÝYdpC\"W`V�b�w{\ n�o Y[pj\2Um\�b�V n _QY n b/_%ô ��q s y cd\,\,_ÄW`_'Y[pj\ ø Ê � fZW`_C\
Y[pj\2Um\�b�VÝ\,_C\,cdw{|Äb/_i]�\,_C\,cdw{|Äs z c[\�bx]�b/cd\2VN\�b{sASCc[\�]G�¤µAR1\,\�R1\ y YdW n _ ø �ýÎ~� z b�w{\'° � ²1¶��
� pC\,cd\vb/c[\ n�oÌyÐn Sjc�s�\vb�fes n r1Smb{]~cdS zmn fZ\ otnQy Smsds�WZ_Cw2V¡b/w{_j\,Y�sÌb/_m] s�Y[\�\,c[WZ_Cw"Y[cdW`V yÐn WZfesÐ�
�7f`fjY[pC\�Um\�b�V��Gb/wTs�b/cd\�ô ��q s y c[\,\�_ms�µ�ô z YdW y b�f � c�b/_is�W`YdW n _ q b{]~W�b/YdW n _Ë�~sA\,\-R1\ y YdW n _

ø � � n _ z b/w{\N°{° ø ¶�\,© y \ z Y�YA� n � � pC\Çs y cd\,\,_ U¥\ otn c[\vY[pC\Ç²^Ù y \,fZf y b,}QW`YA|)Wes�bXb¤��pCc n V n ©
s y W`_QY[W`fZfeb�Y n c��Qs�W`_ y \�ô ��q W�s���\�b���µ¼b/_m]�]~WZ}1\,c[wx\,_QYÐ¶ otn c�YdpC\-f n ��\,_C\,cdw{| µ ø ��\,¨v¶(Um\�b/V

n SjY n�o Y[pC\Ìw{SC_Ë�(�7f�s n Y[pC\,cd\�Wes n _j\��Ì��¢ös y WZ_~YdW`fZfeb/Y n c
µ � Ê�VXV+]QWeb/VN\,Y[\,cGU~|Ç°�VXV ¶�� � pC\
ô ��q s y cd\,\,_ms�Sms�\�]'W`_ y f`Sm]Q\"VX\,Y�b�f otn W`f�sÐ��ß-b z Y n _ yÐn b�Y[\�]'U~|Öb/_Ä\,}xb zmn c�b/Yd\�]�feb,|1\,c n/o
�7f
µªYA| z ��° �x� _jV5Y[pCW y �m¶��Tb/_m] yÐn VXVN\,c y Web�fm�7flÙ¼Umbxs�\�]2f�b{sA\,c�VXW`cdc n c�s�µ � ¨�ÙP\,_jpmb/_ y \�]X�7f
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yÐn b/Y[WZ_CwC� n _ � Ê�VXVþ]~W�b/VX\,Yd\,cmU~|Ç°(VXV YdpCW y ��Í�ßÇ³�wxfebxs[shs�SCUmsAY[c�b/Y[\x¶�� � pj\ otn W`f�s�s�S~ÚG\,cd\�]

o c n V z¥n1n c�s�Sjc o b y \'r1Smb/fZW`YA|1�Ìb/_m]%W`Y)��b{s)]~W c y Sjf`Y�Y n s�Ydc[\,Y y p%YdpC\��{b z Y n _ �Gb/Y�� � pC\
VXWZc[c n c�s z c n }QWe]~\^]'s�S z \,cdW n cvsASCc o b y \Xr1Smb�f`W`YA| b/_i] �Gb/Yd_C\�sdsÐ��UCSCY)µPbxs:��W`Y[pÄY[pj\"�{b z Y n _K¶
yÐn SCfe]�Um\ ]Cb/V�b�w{\�]�UQ|�]QW`\,fZ\ y Y[cdW y UCc[\^b/�j] n ��_�� � pC\�Um\�b/VXfZW`_C\Nb/f�s n pmb{s)s�\�}1\,c�b�f�s�fZW`Y
b{sds�\,V)UCfZW`\�s yÐn _~Ydc n fZf`\�])U~|�sAY[\ zjz W`_Cw)V n Y n c�s otn c7\,VNW`Y[Y�b/_ y \7VX\^b{s�Sjc[\,VX\�_~Y w ²{¸ x �
Ø V�b/wx\ y b z YdSCc[\�Wes
b y,yÐn V z fZWes�pj\�]�UQ|)b-s�\,cdW`\�s n�o ]~W`wxW`Y�b/fK���Ìu y b/VX\,c�b{s(b�_m])b o c�b/VX\

w{c�b/UCUm\,c y b/c�]ÞWZ_�b �'b y Ø _QY n s�p�� � pC\ y b/VN\,c�bxs�Sis�\�]Äb/cd\ n�o YA� n YA| z \�s��(bXpCWZw{p~Ù¼w{c�b{]~\
s y W`\,_QY[WÃk y ���Ìu y b/VX\�c�b o c n V � n pQS�� Ø _ y �'µ ø ²~° � R1\,c[WZ\�s»¶��(b�_m]�b�SCYdW`f`WZYA|·Ù¼w{c�b{]~\X���Ìu

y b�VX\,c�b o c n V É f`V n � n c zmn c�b/YdW n _Ë� � pC\ É f`V n�y b�VX\,c�b{sKpmb,}1\�Um\,\,_�V n ]~Wlkm\^]�UQ|�Û[SCV z \,c
s�\�Y[Y[WZ_Cw1sÌµPb/SjY n V¡b/Y[W y wTb/W`_ y�n _QY[c n fKµ¼��¢-��¶hb�Y(VXWZ_CW`V"SCV �ÐwTb/VXV¡b��v°/¶ otn c(Um\,Y[Yd\,c(f`WZ_C\�b�c�Ù
W`YA|1� � pC\�sA|~_ y pCc n _CWZà�b/YdW n _ n/o YdpC\ y b�VX\,c�bxs Wes
b/_)W`V zmn cdY�b�_~YhWesds�SC\ otn c�]jb/Y�b-b y r·SjWes�WZY[W n _��
���GÍ�b/c n }Öb/_m]�£$�Ë´:b/cdY[SC_CwNpmb,}1\�W`V z f`\,VN\Ð_QY[\�]NbXs y pC\,VX\-WZ_���pCW y pÄb�f`f y b/VX\�c�b{s�b/cd\
s�f�b,}1\�]2Y n b"V�b{sAY[\,c y b�VX\,c�b�W`_�YdpC\ yÐn _QY[c n f
b/c[\^b~� � pC\-V�b{sAY[\,c y b�VX\,c�b�Wes�bx],Û[SmsAY[\�] s n
Y[pib/Y�b/fZfKYdpC\-s�f�b,}1\ y b/VN\,c�bxs�b�c[\ yÐn c[c[\ y Y[fZ|)s�|Q_ y pjc n _jW`à,\�])��W`Y[pNc[\�s z \ y Y�Y n Y[pC\v�:�%f`W`_j\1�
Ø _�Y[pCW�sÁ�¬b^|NSC_CW`_QY[\�c[feb y \�]2WZV�b/wx\�s��Ì\,c[\ y b z Y[Sjc[\�]K�Ì� § b�UC¨ ØAÉ £ z c n w{c�b/V�]~\,}1\�f n{z \�]
UQ|'����Í�b�c n }�WZ_~Yd\,c o b y \�]���WZY[p'Y[pj\ o c�b/VN\"w{c�b�UCUm\,c y b/c�]�bxs:��\,fZf�b{s:Y[pj\ § \{��c n |Ä]~WZw{WlÙ
Y�b�f n s y W`f`f n s yÐn{z \ n }1\�c�¢�a Ø Í:� Ø Y-��b{s-Sms�\^] otn c n _jf`W`_j\�µ[°X´�à{¶�W`V�b�w{\)b/_ib/f`|js�W�sÐ��W`V¡b/w{\
b y r·SCW�s�WZY[W n _���W`Y[p sdb/VX\ÐÙ¼Y[cdW`wxw{\,c¬s yÐnxz \vVX\�bxs�SCcd\,VX\,_1Y�sÐ�1b�_m] n(� WZ_C\vb/_mb�f`|js�Wes n�o kmfZ\�sÐ�
ða�[± 354 �v	��"� ö �:�"&(« 	���� ���)�

��pmb�c[w{\�VX\�b{sASCc[\�VX\,_1Y�Wes(V�bx]~\�Sis�W`_jw�U n Ydp2WZ_~Yd\,w{c�b/Y[WZ_Cw y SCcdc[\,_QY(Y[c�b/_ms otn cdVX\,c�sÌµ Ø � �D{ s�¶
b/_i]�g¥b�c�bx]Cb,| y S z sÐ�+��_�W`_QY[\,wxc�b/YdW`_Cw y SCcdc[\,_QY)Y[c�b�_ms otn c[VX\�c2� n c[�js"U~|%Y[pj\ z c[WZ_ y W z f`\

n/o W`_m]QS y Y[W n _�-�bXY[W`VN\�}xb�c[|QW`_Cw y SCcdc[\,_QY * µ]¤�¶ z b{sds�W`_jw�Y[pjc n Sjw{pÅb¡f n1n{z�n�o £�YdSCc[_is���WZf`f
W`_i]~S y \�W`_XYdpC\:f n1n{z YdpC\-s[b�VX\ y SCc[cd\,_QY�]QW`}QWe]~\�]"UQ|h£h� � pCWes y SCc[cd\,_QY z SCfesA\:Wes yÐn _~}1\,cdY[\�]
Y n b�} n fZY�b/wx\ z SCfesA\�b/YvY[pC\¡Ê � � n s y W`f`f n s yÐn{z \XYd\,c[VXWZ_mb/YdW n _�� � s�W`_jw�Y[pj\XUCSCWZf`Y�Ù¼W`_öb/c[\^b
o SC_ y Y[W n _ n _ b"]~WZw{WZY�b/fGsdb/V z fZW`_Cw n s y W`fZf n s yÐn{z \"µ § \{��c n | § �ÌÊ{Æ ø � § ¶��¥YdpC\ z SCf�s�\:WZ_~Yd\,w{c�b/f
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Wes�VN\�b{sASCc[\�]G� � pC\ y b�f`W`Ujc�b/YdW n _¤W�s�Y[pC\�_�sAW`V z f`| n UjY�b/WZ_C\�] o c n V�ô7pjV { s�feb,�-�

m¨� ¿ * § ¤t� £�µ¿�� § ¤ µPÆQ� � ¶

g n c)Y[pC\ÖÍ�\,c[w n à Ø � � �(Y[pC\ _~SjV2Um\,c n/o YdSCc[_ms"Wes ø � ��b/_m] otn c� �ÀÊ � � �Ì\�pmb,}1\¤WZ_
z c�b y YdW y b�f�SC_CW`Y�s�-

m w _K� x � � 
 ¸ ¿�� § ¤ w _C¨Äs x 
 µPÆQ�ýÆ1¶

� pCW�s�_~SCV)Um\,c��¬b{s y c n s[sPÙ y pC\ y �1\�]"��W`Y[p b z SCf�s�\-w{\,_j\,c�b�Y n c��
� pC\�bx]~}xb/_QY�b�w{\ n/o VX\^b{s�Sjc[W`_jw7YdpC\ Ø � � WZ_~Yd\,w{c�b/fGµPb/cd\�b·¶Gc�b�Y[pC\�c(Y[pmb�_"Y[pC\ z \�b/�-}xb/fZSC\

Wes y fZ\�b/c�W o�n _j\-b/YdY[\,V z Y�s Y n W`_ y f`Sm]Q\�Y[pC\:\�ÚK\ y Y�s n/o YdpC\�f n _jw y b�UCf`\ yÐn _j_C\ y YdW`_Cw-Y[pj\ Ø � �
��W`YdpXY[pj\ n s y W`fZf n s yÐn{z \1��¢�\,_C\,c�b/f`fZ|)s z \�b��~WZ_CwC�CYdpC\7Ydc�b�_ms o \,c o Sj_ y Y[W n _ n/o Y[pC\ y b�UCf`\:W�s o b�c

o c n VR�Gb�Y:b�_m]�f n s[s�fZ\�s[s��mb/_m] ]~Wes z \,c�sAW n _ W`_�Y[pj\ y b/UCfZ\���WZf`fËs z cd\�b{] n SCY�Y[pC\Ç]~SCc�b/Y[W n _ n/o
Y[pj\ y SCc[cd\,_~Y z SCf�s�\vb/_m] ]~WesAY n c[Y�W`Y�s�s�pmb z \1��Í�|NVX\�b{sASCc[WZ_Cw�YdpC\-Y[WZVX\7WZ_~Yd\,w{c�b/f¼� n _jf`|XYdpC\
à,\,c n Ù o c[\�r1SC\,_ y | yÐn V zmn _C\,_QY n/o Y[pC\vY[c�b�_ms o \�c o SC_ y YdW n _�pmbxs:b/_Q|�W`V zmn cdY�b�_ y \1�ÌÍ�SCY�Y[pCW�s
Wes:VX\�c[\,fZ|XY[pC\Nu�� z c n UCf`\,V���pCW y p'Wes:Ydc[W`}QWeb�f(Y n s n f`}1\T��b/_m]Ä\�b{sA|'Y n y b/fZW`UCc�b/Yd\1�Xô7_jf`|
Y[pj\:u��Åc[\�sAWesAY�b/_ y \ n/o Y[pC\ y b/Ujf`\U��� V)SmsAY Um\�VX\�b{sASCc[\^]K�1b/_i] o c n VÜY[pj\7} n f`Y�b�w{\�]~WZ}~W�]~\,c
otn cdVX\�]�UQ|"Y[pC\ y b�UCf`\�b�_m]2Y[pj\:s yÐn{z \è���þÊ � �:�~YdpC\7} n f`Y�b/w{\�VX\�bxs�SCcd\�] n _NY[pC\�s yÐnxz \7W�s
c[\^]~S y \�]"UQ|h�Dï1µ��������»¶�� £�W`YdpXb-f n _Cw y b�UCf`\�c[Sj_ n/o q ¢ÁÙðÊ{²Q�CYA| z W y b/fjVX\�b{sASCc[\^]�}{b�f`SC\^s
n/o ���(��\�c[\-Æ��:�C��pCW y pXWesÌb"Î } y�n c[cd\ y YdW n _NY n Y[pj\ y pib/c[wx\1��� y b�UCf`\-cdSC_ n/o ´7\,fZWeb�©)b/_m]
q ¢�ÙA¸"��bxs�W`_msAY�b�f`f`\^]¡��pjW y pXV�b{]Q\:Y[pCW�s y�n c[cd\ y YdW n _N_C\,w{fZW`wxW`UCfZ\1�
�ìYd\ y pj_CW y b�fh]~\,Y�b/W`f
b/U n SCY-VX\�b{sASCc[WZ_Cw)W`_QY[\,wxc�b/f�s n�oÌz SCfesA\�s�Sms�WZ_CwXY[pj\"UCSCW`fZY�Ù¼W`_Öb/c[\^b

o SC_ y Y[W n _ n/o b']~W`wxW`Y�b�f n s y WZf`f n s yÐnxz \XWes�YdpC\XW`_ y f`SmsAW n _ n/o Umb y �Qw{c n SC_m] o c n V�s�V¡b/f`f¬u��

n ÚËsA\,Y�s���£Ä\ n Uis�\,cd}1\�]�Y[pCW�s:Umb y �~wxc n SC_m]'Y n y pib/_Cwx\ o c n VÀs�p n Y�Y n sAp n Y�� � pC\Ns n SCc y \^s

n/o Y[pCW�s-s�V�b�f`fhUmb y �~wxc n SC_m]�V�b,|�W`_ y f`Sm]Q\"Y[pC\N]Cb/cd� y SCcdc[\,_QY-s�WZw{_mb�fP� yÐn _QY�b y Y zmn Yd\,_~YdWeb�f
]~WÃÚK\�c[\,_ y \�sÐ� n c n YdpC\,c-_ n W�s�\1�hW`_ y f`Sm]~WZ_Cw z W y �QS z b/_m]Äw{c n SC_m]�f n1nxz sÐ��£Ä\2SmsA\�]Äb/_ n _~Ù
f`WZ_C\"Umb y �Qw{c n SC_m]Äs�SjUCY[c�b y YdW n _ÅU~| z c n w{c�b�VXVXWZ_CwXY[pj\2V�b�Y[p o SC_ y Y[W n _ms n/o Y[pC\ § \{��c n |
§ �ÌÆ{Ê ø � § s y�n{z \1�"�9s�WZw{_mb�f�cd\,w{W n _ otn c�YdpC\ Ø � � �¬b{s-]~\Ðkm_j\�]ÞSis�W`_jw y SCc�s n c�s��hb/_m]�b�_
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\�r1Smb/fÃÙP��W�]~Y[p Umb y �Qw{c n SC_m]�c[\,wxW n _ n/o Y[pj\"s[b�VX\-��b,}1\ otn c[V9��b{s y p n s�\,_ YA| z W y b/fZf`|NÊ � _is
b o Yd\,c�YdpC\ z SCfesA\1� � pj\-b/cd\�b{s n/o Y[pj\:YA� n ��\,cd\7VN\�b{sASCc[\�]�UQ|)Y[pC\�s yÐnxz \-b/_m]Ns�SCUCYdc�b y Y[\�]G�
� pC\ y b�f`W`Ujc�b/YdW n _ o b y Y n c n�o � �ý¸ o c n V É r·Smb�Y[W n _�ÆQ�ýÆ��¬b{s)b/fes n�z c n wxc�b�VXVX\�]'W`_QY n YdpC\
s y�n{z \"s n Ydpmb/Y�YdpC\-VX\�b{sASCc[\^] y pib/c[wx\�s���\,cd\-]~Wes z feb,|1\�])W`_�Y[pC\ yÐn c[cd\ y Y�SC_CWZY�s��
Ø o Y[pC\ Ø � � Wes z feb y \�] n SCY�s�We]Q\�Y[pj\�Um\�b/V z W z \1�CYdpC\,_�YdpC\�WZV�b/wx\ y SCc[cd\,_QYz� n ��WZ_Cw2WZ_

Y[pj\��¬b/fZfes n/o Y[pC\ z W z \ y b�_ y \,f�s�Ydpmb/Y n/o YdpC\-Um\�b/V'� � pC\,cd\ otn cd\1�CY[pC\ Ø � � Wes z f�b y \�] n }1\,c
b y \,c�b/VXW y UCc[\^b/��WZ_'Y[pC\"}xb y SCSCV z W z \1� � pC\"W`V¡b/w{\ y SCcdc[\,_QY�s�W`_'YdpC\"��b�f`fes�b/fes n V)Sms�Y
pmb,}1\�b z b�Y[p��js n b yÐn{zjz \�c otn WZfGs�pCWZ\,fe]"W`_)Y[pC\ otn c[V n�o b�] n SCUCfZ\ yÐn _j\7W�s z feb y \�] n }1\,c(YdpC\
Ø � � b�_m] y feb/V z \^]2Y n Y[pC\-Um\�b�V z W z \ n _�\,W`YdpC\,c�s�W�]~\ n�o Y[pC\ y \�c�b/VNW y UCc[\�b��K�
� pC\ Ø � � f nQy b�Y[W n _ms7SmsA\�]�V n s�Y n/o Y[\�_Äb/c[\Çb/Y y c n sds ó � Um\,YA�Ì\,\,_�YdpC\"w{Sj_Äb/_m]�YdpC\

²^Ù y \,fZf y b,}~WZY�|T� y c n sds ó Æ:c[W`wxp~YÌb o Y[\,cÌY[pC\�²^Ù y \,fZfP�Qb/_m]Nb/Y y c n sds ó Ê-W`VXV)\�]~W�b/Yd\,fÃ|�b o Y[\,c�YdpC\
]~W z¥n f`\ y pCW y b�_C\"µt��pCW y p�Wes�b/f�s n YdpC\-f nQy b�Y[W n _ n�o Y[pC\-\,fZ\ y Ydc n Ù n{z Y[W y�y c[|js�Y�b/fª¶��
�Èg¥b�c�bx]Cb,| y S z±y b�_÷Um\�V¡b{]~\ o c n V b/_Q|%\,f`\ y Y[cdW y b�f`f`| Wes n feb�Y[\�]%Um\�b/V ]~SCV z � Ø Y

s�p n SCf�]�U¥\"YdpCW y �X\,_ n SCwxp'Y n sAY n{z b�f`f z c[WZV�b/cd|X\,fZ\ y Y[c n _ms��Kb�_m]']~\,\ z \,_ n SCw{p'Y n c[\�Y�b/WZ_
Y[pj\�s�\ yÐn _m]jb/c[|-\,fZ\ y Ydc n _isÐ�h�7f`f n ��W`_CwÌY[pC\ y S z Y n ]QWes y pmb�c[w{\�YdpCc n SCw{p)b��~_ n ��_"cd\�s�W�s�Y�b/_ y \
µPb�Y�YdpC\�s y�n{z \ Ê � �7¶�� n _C\ y b�_�W`_QY[\�w{c�b�Y[\)Y[pC\N} n f`Y�b/wx\ z SCf�s�\XWZ_�Y[pC\Ns[b�VX\)V�b/_C_j\,cvb{s
Y[pj\ Ø � � Y n�n UCY�b�W`_¯b y pmb�c[wx\'VX\�b{sASCc[\�VX\,_QY,�+´ n �Ì\,}1\,c���Y[pC\ y b z b y W`Y�b/_ y \ n�o Y[pC\�sA\
s�Ydc[S y Y[SCcd\�sÁW�s n�o Y[\,_'Sj_ otn cdY[SC_mb�Y[\,fZ| s�V�b�f`fP�mb�_m]�} n fZY�b�w{\�s�pCW`wxp�\,_ n SCwxp�Y n ]Cb�V�b/wx\�YdpC\
s y�n{z \ y b�_�\�bxs�WZf`|)U¥\vw{\,_j\,c�b�Y[\�]'µÐ�v�����h° � _K��W`_QY n ° �{� z göW�s7b�} n f`Y�b/w{\ n/o ° �{� ¨�¶��mg n c
Y[pjWes�c[\^b{s n _�� �{�6o ø � ]jÍ n�o b�Y[Y[\�_~Smb�Y[W n _�W�s�Sms�\^]¡Y n2z c n Yd\ y Y�YdpC\vs yÐnxz \T�

ða�[ð 6ÿ4 ���
�X��� �/&
&(���2�

Ø _ z p n Y n W`_�Û[\ y Y n c�sÐ�CYdpC\ y p n W y \ n/o Y[pj\ z p n Y nQy b/Ydp n ]~\�V¡b/Y[\�c[Web�fmWes�b�V�b,Û n c�]~\^s�W`wx_ yÐn _~Ù
s�W�]~\,c�b/Y[W n _'µ¼s�\,\�Y[pC\�c[\,}QW`\�� z b z \�c w ²{² x ¶��(�7fZ�{b�f`W z p n Y nQy b�Y[p n ]Q\�sÁpib^}1\�b"]~\,V n _msAY[c�b�Y[\�]
pCWZw{pÅr·Smb�_~YdSCV?\ c y WZ\,_ y |NUCSCYvs�S~ÚG\,c o c n V?\�©~Ydc[\,VX\vsA\,_ms�WZY[WZ}~WZY�|NY n yÐn _QY�b�VXW`_ib/Y[W n _ n c
û zmn Wes n _CW`_jw1ü o c n VÝY[c�b y \)w1bxs�\�s�� � pC\Nr·Sib/_QY[SCVÝ\ c y WZ\,_ y |XW�s:c�b/YdW n�n/o YdpC\"_QSCV2Um\,c n/o
\,fZ\ y Y[c n _ms�\,©QY[c�b y Y[\^]¡Y n YdpC\-_~SjV2Um\,c n/o W`_ y W�]~\,_QY z p n Y n _msvµPs�\�\�RT\ y Y[W n _�ÆQ�ýÆQ�`°-U¥\�f n �:¶��
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��\,Y�b�f z p n Y nQy b�Y[p n ]~\^s7pmb,}1\-Y[pC\vb{]Q}{b�_~Y�b/wx\ n/o c[SCwxw{\�]~_j\�s[s�Y n }xb y SCSjV yÐn _i]~W`YdW n _is
UCSCY
W`_"w{\�_C\,c�b�fCpmb,}1\ zmn1n c�r1Smb�_~YdSCV�\ c y WZ\,_ y |1�h� n{zCz \,c�µ���SG¶ y b/Ydp n ]~\�s�b�c[\ n/o Yd\,_"SmsA\�]
otn c�sAW`V z f`W y W`YA|{�Tb{s�_ n cdV�b/f yÐn _m]QS y Y[WZ_Cw q g y b,}~WZY[WZ\�s�b�c[\-YA| z W y b/fZf`|vV�b y pCW`_j\�] o c n V?��SË�
� pC\)r1Smb/_QY[SjVÝ\ c y W`\,_ y | n/o ��S'pmb{s:Um\,\,_Äc[\ zmn c[Y[\^]�W`_ÄY[pC\"c�b/_Cwx\XÆ~
ýÊ��Å° � ¢ ß w ¸{Æ x Y n
°<
 ø �%° � ¢�i w ° �x�yx ��b�_m] y b�_�}xb/cd|���WZY[p%sASCc o b y \ z cd\ z b/c�b/YdW n _Ë��R z SCYdY[\,cd\�]'V�b/wx_C\�s�WZSCV
µP��wQ¶(pmbxs�Um\,\,_¡s�p n ��_XY n pmb,}1\�b�r1Smb/_QY[SCV9\ c y W`\�_ y |vb{s�pCW`wxp�b{s � � �6o·� � Ê } SC_m]~\,c¬u��
km\,f�]CsÐ�jb/_m] y b/_ Um\�\�© zmn sA\�]¤Y n b/WZc w ° � ° x �
� pC\�wxSC_$Sms�\�s'b÷pjW`w{p r·Smb�_~YdSCV \ c y W`\,_ y | z p n Y nQy b�Y[p n ]Q\ n/o¡y \�sAW`SCV Yd\,f`fZSCc[W�]~\

µ��Ìs ¶ � \x¶ w ° �{� ��° � Æ x ����\�sAW`SCVÈYd\,f`fZSCc[W�]~\-Wes�f`\�sds7sA\,_ms�WZY[WZ}1\�Y n Y[c�b y \"wTb{s zmn Wes n _CW`_jw¤Ydpmb/_Ë�
otn c�\,©jb/V z f`\1��ß ¶ �Ìs»R1U n c��Ìs»O,RTU��Qb/_m]"W`Yhpmb{s(Um\,\,_Ns�p n ��_)Y[pib/Y(YdpC\�r·Sib/_QY[SCV \ c y W`\,_ y |
y b�_XUm\:c[\AÛ[Sj}1\,_mb/Yd\�]"U~|)pC\�b�Y[W`_jw"b/f n _Cw"��WZY[p � ¨ WZf`f`SjVXW`_mb�Y[W n _�� � pC\:\�© z \,cdW`\,_ y \ n/o
y \ÐÙ
s�WZSCV5Yd\,f`fZSCc[W�]~\ z p n Y nQy b/Ydp n ]~\�s-b/Y�YdpC\vu É R1� ��� g�W�s�]~\�s y c[W`Um\�]XWZ_ w ° � ø x �
£�\'pib^}1\Öb/f�s n�n Ums�\,cd}1\�]÷V)SCY�b�UCW`fZW`YA|�WZ_÷YdpC\Är·Sib/_QY[SCV \ c y W`\�_ y |�µ b É ¶ n�o Y[pC\�sA\

y b�Y[p n ]~\^s ñ�YdpC\ b É W`V z c n }1\�s�Sj_m]~\,cXcdSC_C_CWZ_Cw y�n _m]~WZY[W n _msXU n Ydp+]~Sjc[W`_jw÷b%c[SC_¯]Cb,|1�
b/_i] n }1\,c-sA\,}1\,c�b/f�]Cb,|js n/o cdSC_C_CWZ_CwC�)g WZw{SCcd\�s:ÆQ� � b/_m]ÅÆ~�ýÆXwxW`}1\"Y[pj\ b É n }1\�c:Y[WZVX\vb{s
VX\�bxs�SCcd\�]Xb�Y�f n � y pmb�c[w{\)µd°�_K��¶�� � n b y,yÐn SC_~Y otn c zmn s[s�WZUCf`\v]~cdW o Y�s�W`_XYdpC\ z pmb{sA\ n�o YdpC\
w{Sj_��KY[pj\ b É c[\ z¥n c[Yd\�]¤W�s7Y�b��1\,_ o c n V?YdpC\ z \�b���}xb/fZSC\ n/o b2wxSC_ z pmbxs�\)s y b/_�� | £�pj\,_
Y[pj\"²^Ù y \,fZf y b,}~WZYA|2W�s yÐn1n fZ\�]¤Y n f`W�r·SCW�]2pC\,fZW`SCVúY[\,V z \,c�b/YdSCc[\�s�� y cd| n Ù z SCV z W`_CwvW`V z c n }1\�s
Y[pj\7}xb y SCSCV�WZ_2YdpC\ y b�Y[p n ]~\�c[\,wxW n _Ë� § Wer1SCW�]�_CWZY[c n w{\�_2W�s(b/fZ��b,|Cs0� n ��WZ_Cw-W`_QY n Y[pC\�¸ � ß
s�pjW`\,f�]K�KUCSCY�U¥\ y b/SmsA\ n�o YdpC\"\,© z \�_ms�\ n�o f`W�r·SjWe]¤pj\,f`WZSCV'�mb/_Åb/SjY n V¡b/Y[\^] y c[| n sAY�b�c[Y�Ù¼S z
b/_i]÷s�pQSCY�] n ��_÷Wes"] n _C\ b/Y)Y[pj\¤Um\,wxW`_C_jW`_CwÄb�_m]M\,_i] n�o \�b y p�cdSC_�]jb^|T�%u:b,|�à,\,c n'n/o
g WZw{SCcd\:ÆQ� � µ �x� �7SCwxSms�Y�°,²x²{²·¶�W�s(Y[pC\�\,_m] n/o b:��\�\,�·Ù¼f n _Cw y c[| n sAp~SCY�] n ��_XW`_)��pCW y p"YdpC\

y b,}QW`YA|���b{svb/fZf n ��\�]�Y n ��b/cdV?Y n ¸ � ß"� � pC\"kmfZf`\�]'sdr·Smb�c[\�s-b�c[\)Y�b/�1\�_ o c n VÝYdpC\"kmc�sAY

z pmbxs�\vs y b/_ n/o Y[pC\v]Cb,|1��ô�_�]jb^|Ö°{�~YdpC\ b É ��bxs�f n �$µ � � � } ¶(UCSjY�W`_ y cd\�b{sA\�]2Y n U¥\�Y[Y[\�c
Y[pib/_�° } n }1\,c:YdpC\2_j\,©~Y otn SCcÇ]Cb,|Cs�� Ø _ y c[\�bxs�\�s n/o b o b y Y n c n�o YA� n b�c[\Ns�\,\,_ÄW`_Å]Cb,|js
¸ o ° � b/_i]�]Cb,|js�°�Ê o °�²~� Ø _ g W`wxSCc[\ÇÆ~� Æ2b�c[\"sA\,}1\,c�b/f b É zmn W`_QY�s�b/Y�s�S y,y \�s[sAW`}1\:YdW`VX\�s n _

� ÒF���]ÅÌ�[�yÙh�[�y¼Ê����Ù'�y�[Õ��º�»¼��d��Òë�Rùt�yù��[�]�B¹��y�%�Ø�d�)���d���������º�y���BÅ�����¼Ì���Æ�Ä�Ø�B���?�BÅy�����d�d¸ �R�dÙR�2�



/�z
/�z 0 ¬'å)í�å�è:ë � îhî � å)ä : ÷

0

0.5

1

1.5

2

2.5

0 5 10 15 20

Quantum Efficiency vs. Time

Q
E

 [%
]

time [days]

½+���d¹��]��à��áí�æ8��¹Ì���R�B¹�� Î�� �������y��×tÂR�Ó�	ç��º�����[Âd�»���BÅ��]����Õ)����ÙR�)�[�Q�B¹��y�������Ì� Í �Ó×tÝX���<ídí���¹��d¹��]��ÜFê�ê3êy�
°"R1\ z Yd\,V2Um\,c�°�²{²{²�µP]jb^|Ö° � n/o kmwxSCc[\vÆQ� � ¶�� � pC\�WZV z c n }1\�V2\�_~Y n _�YdpCWes�]jb^|N��b{s�V n c[\
Y[pib/_'b o b y Y n c n�o YA� n � o c n VÝ°{� ² ��} W`_jW`Y[W�b/fZf`|"Y n ø �Z°,Î } b o Yd\,c-° � p n SCc�s��
� pC\XV)SCY�b�UCW`fZW`YA| n�o Y[pC\ y b/Ydp n ]~\ y b/_�Um\�b�Y[Y[cdW`UCSjY[\�]'Y n Y[pC\Nb{]Cs n c z Y[W n _±b/_m]Å]~\�sðÙ
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otn cÌY[pC\ÇµPs�Y�b y �1\�]¥¶Ì° � z s�g £þ´:� �¥b/Y�Ù¼Y nxz feb{sA\,c z SCfesA\:UCSCY¬s�W`wx_CWlk y b/_QY[fZ|"f n ��\,c��Qb/c n SC_m]
��} � otn c�YdpC\ � z s%k	l(¢�b/Sis[s�W�b/_�febxs�\,c z Sjfes�\T� � pC\:]QWlÚG\,c[\�_ y \�Wes�s�\,\�_X��pC\,_XYdpC\ � z sÌb/_m]
° � z s�febxs�\,cÇb/cd\ z f n Y[Yd\�]ÞY n wx\,Y[pC\�c,��b{s-W`_%ghW`w{Sjc[\NÆ~�ýÎQ� � pj\,c[\XW�s�_ n s�|js�Yd\,V�b/YdW y \,cdc n c
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VX\�bxs�SCcd\,VX\,_QYÐ¶
��pCW y p yÐn SCf�]�UCWebxs:Y[pCW�s n Ums�\�c[}xb/YdW n _Ë� � pjWes:Wes�Û[SmsAY�s z b y \ y pmb/cdw{\1�Ëb/_m]
��\���W`fZf yÐn _ms�W�]~\,c�WZ_2YdpC\�_C\,©QY�sA\ y YdW n _ µ�RT\ y Y[W n _NÆ~� Æ~� � ¶�b z pQ|CsAW y b�f z W y YdSCc[\�WZ_2��pjW y p2YdpC\

y SCcdc[\,_QY�]~\,_is�W`YA|¤�µtW`_ �7V z s[© y V ¶ ¶�W�s�Y[pC\vc[\,fZ\,}xb/_QY�r1Smb/_QY[WZYA|Xc�b�Y[pC\,c�Y[pib/_�YdpC\ y pib/c[wx\
z \,c�SC_CWZY�b/cd\�b~�
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y = ( (x<0.15) ? b*x : a*(1+...
ErrorValue

0.00695020.63432a
0.170767.1797b
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( (x<0.2) ? b*x : a*(1+ln(b*x/a)))

y = ( (x<0.2) ? b*x : a*(1+l...
ErrorValue
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� pC\ÌV n ]~\,f z c[\^s�\,_QY[\�]:WZ_�Y[pj\ z cd\,}~W n Smshs�\ y Y[W n _"��bxsÏ\^s[s�\�_~YdWeb/fZf`|-b � Ùð]~W`VX\�_ms�W n _mb�f1V n ]~\,f
Y[pib/Y-Y[cd\�b/Yd\�]�Y[pC\)\,fZ\ y Y[c n _ UCSC_ y p�bxs-b¡YdpCW`_ÄsApC\,\,Y n�o�y pmb/cdw{\1� Ø _'YdpC\2fZW`VXWZY�WZ_���pCW y p
Y[pj\"UCSC_ y p�V�b,|XUm\ yÐn _ms�W�]~\,cd\�]�b�s�Yd\�b{]Q| y SCcdc[\,_QY�]~\,_is�W`YA|�¤þµªYdpmb/Y�WesÐ�m_C\,wxf`\ y Y[W`_jw2YdpC\
V�b�w{_C\,YdW y Y[\�c[V�s o c n V Ö ¤Ö ¤ ¶���YdpC\���pjW`fe]1Ù § b�_Cw{V)SCW`c"f�b,� w ° � ³ x z c[\�]QW y Y�s"b�s[b�Y[SCc�b/Y[W n _
y SCcdc[\,_QY�]Q\,_ms�WZYA|)-

¤ � � ø c 2²d¼ � ¬ða§ p O ü ¶ µPÆQ� �x� ¶

��pCW y pÄWesv]~\,c[WZ}1\�] otn c"b z feb/_j\�]~W n ]Q\ n/o wTb z §C�'£�\)Y�b��1\XW`_msAY[\�bx]¦§'Y n Um\XYdpC\Xf�b{s�\�c
z SCf�s�\-f`\�_Cw{Ydp�µ¼s�\,\vb�fes n � c�b,}~WZ\,c w ° � ¸ x ¶��
q \�Ù z f n YdY[W`_jw2YdpC\"]Cb�Y�b n/o g W`wxSCc[\�s�Æ~� ø b/_i]'Æ~�ýÎ)W`_�Yd\,c[V¡s n/oÌy Sjc[c[\�_~Y�]~\,_msAW`YA|XW�sÁYdpC\

z f n Y n/o g W`wxSCc[\vÆ~�Ã³1��g n c�Y[pj\ y SCc[cd\,_~Y¬]~\,_msAW`YA|1�Q��\:SmsA\

¤n� m
� ��k ¶Y ¡ � ��k	l 
 µPÆQ� � °/¶

´ n ��\�}1\,c,��Y[pj\�Ydc[SC_ y b/Y[W n _ n/o Y[pC\Äfebxs�\,c z c n kmfZ\�UQ|�Y[pC\'WZc[W�s¡V¡b/�1\�s"Y[pCW�sX\,© z c[\�sds�W n _
W`_ib y,y Sjc�b/Yd\ otn c7YdpC\)s�V�b�f`fZ\�s�Y¬s zmn Yvs�WZà,\1��g n c:Y[pC\v_ n _QÙ[¢�b/Sis[s�W�b/_Ås�Y�b y �1\�] z Sjfes�\T�¥��pCW y p
pmbxs7b)g £þ´:�?UCSj_ y p�fZ\,_Cw{Ydp��K�C��\-SmsA\1��ï � ¡ � f`_ � WZ_ z f�b y \ n/o k5l¼��ghW`w{Sjc[\vÆ~�Ã³vs�p n ��s
Y[pib/Y otn c"Y[pj\¤f n _Cw±µ[° � z s"g £þ´:��¶vs�Y�b y �1\�]�f�b{s�\�c z SCfesA\1��Y[pC\ s[b�Y[SCc�b/YdW n _ y SCcdc[\,_QY�W�s
b/U n SCY ø �j�Ú© y Va¶�� � pj\)]~\,}QWeb/YdW n _ otn c:Y[pj\"s�V¡b/f`fZ\�s�Y�f�b{sA\,c:s zmn Y-sAW`à,\-Wes z c n Umb�UCf`| o c n V
W`_ib y,y Sjc�b y |XW`_�\�sAY[W`V¡b/Y[WZ_Cw"Y[pj\�\�ÚK\ y Y[WZ}1\-b/cd\�b n�o Y[pj\�Y[cdSC_ y b�Y[\�]�¢�b/Sis[s�W�b/_Äs z¥n Y,� Ø o �Ì\
Y�b��1\M§2Y n Um\vY[pC\-febxs�\,c z SCf�s�\-f`\�_Cw{Ydp�W`_�YdpC\2��pCWZfe]·Ù § b/_jw{V)SCW`c�f�b^�-�CYdpC\,_ Y[pC\ o b y Y n c n/o
§ ¢ |9ü ¶ z c[\�]QW y Y�sÏYdpC\�s[b�Y[SCc�b/Y[W n _ y SCcdc[\,_QY otn c(Y[pj\�s�p n c[Y(f�b{s�\�c z SCf�s�\���W`fZf~Um\�b o b y Y n c n/o °{� Î
pCWZw{pC\,cÌY[pmb�_XY[pj\:f n _Cw�f�b{s�\�c z SCf�s�\1� � pCWes�Wes�W`_Xcd\�b{s n _mb�UCf`\-b�w{cd\,\,VX\,_QY(��WZY[p�g WZw{SCcd\:ÆQ�l³T�
��pCW y p s�p n ��s�b�c�b�Y[W n2n�o(n�o b/U n SjY � �
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Ø _�YdpC\ z c[\,}QW n Sms-s�\ y Y[W n _msÐ�hY[pC\�c[\)��b{s:_ n W`_ y f`SmsAW n _ n/o YdpC\�R y p n Y[Yd�~| \ÐÚG\ y Y�� ��pCW y p'W�s
b/_'\�_Cpmb/_ y \,VX\,_QY n�o Y[pj\ z p n Y n \,VNWes[sAW n _ o c n VÈf n ��\,cdW`_Cw n/o Y[pC\v� n cd� o SC_ y YdW n _'UQ|XYdpC\
\,fZ\ y Y[cdW y km\,f�]K�
g n cvb�s�SCc o b y \)\,f`\ y Y[cdW y km\,f�]ªp"��Y[pC\)� n c[� o SC_ y Y[W n _%µ�. 2 ¥ë.Ï¶�f n ��\�c[W`_jwX��bxs�wxW`}1\,_

UQ|�R y p n YdY[�Q| w ° � ² x µ¼b�V n ]~\,cd_�c[\ o \,cd\,_ y \�WesÐ� otn c�\,©jb/V z fZ\1� w °{° ��x ¶ -

. 2 ¥�.µ� Ü ¬ pø �*c 2 Þ |�ü ¶ µPÆQ� �x� ¶

b/_i]¤Y[pj\�r1Smb�_~YdSCV5\ c y W`\�_ y |�/2W�s�-
/F�I� ¨�À k ¥�. 2 � Ü ¬ pø �*c 2 Þ |�ü ¶ « ¶ µPÆQ� � Æ·¶

s n Y[pib/Y otn c�s�V¡b/f`fGf n ��\�c[W`_jw1s

fÁ/l� � ��µ À k ¥�.Ï¶~fq.Âj p |9ü ¶ µPÆQ� � ø ¶

� pC\�R y p n Y[Y[�Q|�\�ÚK\ y Y-Wes�V n s�Y y f`\�b�c[fZ|'s�\�\,_�\�© z \,cdW`VX\,_QY�b�f`fZ|XW`_ y pib/c[wx\X\,©QY[c�b y YdW n _
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�7U n }1\ �x� ��¨�©,V'�xY[pC\,cd\:WesÌs�S c y WZ\,_~Y(km\�fe]"Y n \,©QY[c�b y Y¬b/f`fmYdpC\
y pmb/cdw{\"b�Y:Y[pjWes z b/cdY[W y SCfeb�c7f�b{s�\�c:\,_C\,cdw{|1�mb�_m] o SCcdY[pC\,c�W`_ y c[\�bxs�\�s�W`_ Y[pC\-km\,f�]�s�p n �$YdpC\
s�f n � cdWes�\ z c n{zmn cdY[W n _mb�f Y n p |�ü ¶ o c n VÈY[pC\"R y p n Y[Y[�Q|)\ÐÚG\ y Y,�
� pC\Ä]Cb�Y�bMWZ_�g WZw{SCcd\ÄÆ~� ²MsAp n ��s�b y pmb�_Cw{\'WZ_þs�f nxz \Äb/c n SC_m] �x� ��¨�©,V'�¯gCc n V

É r¥��ÆQ� �x� ���Ì\ y b�f y SCf�b/Yd\XY[pC\Ös[b�Y[SCc�b/Y[W n _ y SCc[cd\,_QY otn cNb �x� ��¨�©,V km\,fe]�Y n Um\ ¤ � �
� 
 Æ{¸��C�Úï y V�¶ö��pjW y p5b�w{c[\�\�s�}1\,c[|$��\�f`fX��WZY[p9Y[pC\þ]Cb�Y�b9µ�¤ � � � 
ýÆx¸{Æì�j�Ú© y Va¶�b�Y
�{� �ýÎ)��¨�©,V ¶��

�DC��DC�� ÌpwvJA_DSDTUO	��uUwvJML�wrW&Ã ZzLOU3Scb·t	L�J<d
¢�c[\�b�Y-\ÐÚ n c[Y-W�s7V�b{]Q\�Y n�z cd\ z b�c[\ z p n Y nQy b�Y[p n ]Q\�s"b{s:SC_CW otn cdVÝb{s zmn s[sAW`UCfZ\ n }1\,c:Y[pj\,W`c
SmsA\ o SCfmb�c[\�bQ� � pCWes W�s(W`V zmn cdY�b�_~Y otn c�pCWZw{pNr·Smb�f`WZY�|-Um\�b�V�s(s�WZ_ y \�YdpC\�r·Sib/_QY[SCV \ c y W`\,_ y |
µ y�n _msAWe]~\,cd\�]�bxs-b o SC_ y YdW n _ n/oÌzmn sAW`YdW n _ n _�YdpC\ y b/Y[p n ]~\{¶�V2Sjf`Y[W z f`WÃ\�s�Y[pC\vfebxs�\,c-s z b/YdWeb�f

z c n kmfZ\XY n w{W`}1\)Y[pj\XW`_CWZY[W�b/f y pib/c[wx\�]~W�s�Y[cdW`UCSjY[W n _�� g n c o SCYdSCc[\ z p n Y n WZ_�Û[\ y Y n c�s��(W`YvV�b,|
Um\X_C\ y \�s[sdb/c[|'Y n WZV z f`\�V2\,_QY�b/cdUCW`Ydc�b�c[| yÐn _QY[c n f n }1\,c-Y[pC\Ns z b�Y[W�b/f z c n kif`\ n/o Y[pj\2f�b{s�\�c

z SCf�s�\�s�W`_ n c�]~\,c:Y n yÐn V z \,_is[b/Yd\ otn c:YdpC\ y b�Y[p n ]~\)_ n _~SC_jW otn cdVXW`YdW`\�s�� � pC\�kic�s�YvsAY[\ z W�s
Y n VX\�bxs�SCcd\:Y[pj\ y b/Y[p n ]~\-SC_CW otn c[VXWZYA|1�
Í�| y f n s�WZ_Cw�YdpC\:c[\�V n Yd\ÐÙ y�n _QY[c n f`fZ\�]�WZc[Wes��1Y[pC\:f�b{sA\,cÌs zmn Y yÐn SCfe])U¥\�V�b{]~\�}1\�c[|)s�V¡b/f`f¼�

b/_i]���\ z c[\ z b/cd\�]�b¤f�b{sA\,cvs zmn Y"��pCW y pÄ��bxs�b�_C\�b/cdf`|'SC_jW otn cdV®]QWes��'��WZY[pÅb � �l³�²�VNV
]~W�b/VX\,Yd\,c,�hÍ�\ y b/SmsA\7YdpC\:\ÐÚG\ y Y�s n�o s z b y \ y pmb/cdw{\-sdb/Y[Sjc�b/YdW n _�b�c[\vs�\�}1\,c[\ otn c�s�V�b�f`fCf�b{s�\�c
s zmn Y�s-µPs�\�\�R1\ y YdW n _�Æ~� Æ~�`°�¶��Q��\:VX\^b{s�Sjc[\�]"Y[pC\ y pmb/cdw{\:}1\�c�s�Sis�febxs�\,cÌ\,_C\,cdw{|1�jb/_m]�sA\,Y�YdpC\
febxs�\,c�\,_j\,c[wx|���\�f`fC��WZY[pCWZ_"Y[pC\�f`WZ_C\�b/c
c[\,wxW`VX\1� � pCWes(��bxs�r·SCWZY[\�f n � y pib/c[wx\1�QÆ �x� ÙðÊ �{� z ���
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( (x<21) ? a*(sqrt(x))^ 3: b*sqrt(x))
ErrorValue
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Laser energy held constant
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b/_i]'b/Y�Y[pCW�s zmn WZ_~Y�Y[pj\�_ n Wes�\vW`_ Y[pC\ y pmb�c[wx\�VX\�bxs�SCcd\,VX\,_1Y n/o � Ê � z � yÐn _QY[cdW`UCSjY[\�] b
f n Y n/o s y b/YdY[\,c�Y n Y[pC\v]Cb�Y�bQ� � pC\vsAV�b/fZf�s zmn Y7�¬b{s�s y b�_C_C\�] n }1\,c�Y[pj\ y b/Ydp n ]~\vW`_Ä°�VNV
s�Yd\ z s(W`_Nb o SCf`fËµ���,�hC¶ wxc[W�] yÐn }1\,cdW`_Cw�Y[pj\ y b�Y[p n ]Q\1���ÁY�\�b y p zmn s�W`YdW n _�� > VX\�bxs�SCcd\,VX\,_QY�s
��\�c[\:Y�b/�1\,_ n�o YdpC\ y pib/c[wx\-b/_i]¤Y[pj\:febxs�\,c�\,_j\,c[wx|2SmsAW`_Cw)b § b�UC¨ ØAÉ £¨©{¢�a Ø Í z c n w{c�b/V'�
Ø w{_ n c[WZ_Cw z¥n s�WZY[W n _ms�b/Y�Y[pj\�\�]~w{\^s n/o Y[pC\ y b�Y[p n ]Q\ otn c���pjW y p�_ n VX\�bxs�SCc�b/UCfZ\ y pmb/cdw{\���bxs
s�\�\,_�� YdpC\,cd\Xc[\,V¡b/W`_j\�]�°,ÊxÆ z¥n s�WZY[W n _msÐ� � pC\XVX\�]QWeb/_Ä_QSCV2Um\,c n/o�y pmb�c[wx\ ©,f�b{s�\�c zmn WZ_~Y�s
z \,c zmn s�W`YdW n _���bxsÁÈ >�É �È° ø ��s n YdpC\XsAY�b�Y[WesAY[W y b/fÌr1Smb/fZW`YA| n�o Y[pC\�]jb/Y�b���bxs�b{]Q\�r·Sib/Y[\T�
UCSCY yÐn SCf�]MUm\'W`V z c n }1\�]K� � pC\']Cb�Y�b%b/_ib/f`|js�W�s2��bxs2Y[\^]~W n SmsÐ��bxs�s�\ z b�c�b�Y[\�kmfZ\�s��Ì\,c[\

y cd\�b/Yd\�] otn cv\�b y p zmn sAW`YdW n _Ë��b/_m]�\�b y p�kif`\X�¬b{s z c nQy \�sds�\�]%sA\ z b/c�b/Yd\,f`|ÄY n \,©QY[c�b y Y-YdpC\
VX\�b�_'r1Smb/_QY[SjV?\ c y W`\�_ y |1� � pC\2cdV�s-µªc n1n Y�Ù¼VX\�b�_~ÙAsdr·Sib/c[\N]~\,}QWeb�Y[W n _ o c n VÝYdpC\"VX\�b�_��
n chk ¶ n�o Y[pj\�]QWes�Ydc[WZUCSCY[W n _���bxs�Sms�\^]�b{s�Y[pj\�\�c[c n c�Umb/c��
�'b zCz W`_Cw)Y[pC\vVX\�b�_�r·Sib/_QY[SCVÈ\ c y W`\�_ y |)Y n b�wxc�b,|Cs y b/fZ\-}{b�f`SC\ i �mbX]~\,_msAW`YA| z f n Y7W�s

s�p n ��_)W`_)ghW`w{Sjc[\�ÆQ�`° � ��g n cdVXW`_Cw�b:c�bx]~W`Sms o c n VÜYdpC\-µ���,�hC¶ z b/WZc�s�µtY[pC\�wx\ n VX\�Y[c[W y�y \,_QY[\,c
n/o Y[pC\ y b�Y[p n ]~\�Wes y p n s�\�_)b{s�YdpC\ n c[WZw{WZ_K¶��1��\ z f n Y�YdpC\:r1Smb�_~YdSCVÜ\ c y W`\,_ y | z¥n W`_QY�s(��W`Ydp
\,cdc n c�Uib/c�s�WZ_ g W`wxSCc[\-ÆQ�`°x°{� Ø Y�W�s�\,}QWe]Q\,_~Y o c n V5YdpCWes z f n Y�Ydpmb/Y�YdpC\vr·Smb�_~YdSCV9\ c y W`\,_ y |
Wes y�n _msAY�b/_QY�W`_�Y[pC\-cd\,w{W n _ n/o YdpC\-febxs�\,c�s z¥n Y�µ¼Æ�VNVÜc�b{]QW`Sms�b/Y�V n s�Y�¶��

ða��õ #9��� ��� � �aò��'�Ì4 	��2�'�vÊ��������2� ���'. �X�
��ù���������ò
É b/cdf`W`\�c(W`_ � b�UCf`\ � �Z° n _ z b/wx\�°�³���\�fZWesAY[\�]�YdpC\ z pmbxs�\ÐÙ¼f nQy �1\�]�f n ��Ù¼f`\,}1\�f q g o cd\�r·Sj\,_ y WZ\�s
b/_i]¤Y[pj\,W`c�SmsA\-W`_�Y[pC\ z p n Y n W`_�Û[\ y Y n c,��ô7_j\ n/o Y[pj\�V¡b/W`_�W�s[s�Sj\�s�Wes�YdpC\vs�|Q_ y pjc n _jW`à�b�Y[W n _

n/o Y[pC\�s�|js�Yd\,V9b/_i]Xs�S zjz c[\�sds�W n _ n�o Y[pj\(Û[WZY[Y[\�c n/o YdpC\7f�b{sA\,cÌb/c[cdW`}xb/fmYdW`VX\ n _)Y[pC\ y b/Ydp n ]~\
��W`Ydp-c[\�s z \ y Y�Y n Y[pC\ z pib{s�\ n/o YdpC\ q gÌ� É b y p n�o YdpC\�s�\�f n ��Ù¼f`\�}1\,f o cd\�r·Sj\,_ y WZ\�sCW`_ � b�UCf`\ � �Z°
Wes�wx\,_C\,c�b/Yd\�]¤UQ|�b z pmbxs�\ÐÙ¼f nQy �1\�] n s y W`fZfeb�Y n c�ßÁYdpmb/Y�Wes�sAfeb,}1\�]XY n Y[pj\�V¡b{s�Yd\,c n s y WZf`f�b/Y n c � �
� pC\X\�© y \ z Y[W n _ÄY n YdpCWes-Wesvb � Ê � �C´�àXsAW`w{_ib/f���pjW y p�Wes-]~\,cdW`}1\�] o c n V®]QW`}QWes�W n _ n/o YdpC\
°{� �{� Æ2�'´7àT�

ÞÓÒF���]ÅÌ�[�yÙ4Òë�RùX�[�B�]¹����%�Ø����Å����;���B�]�º�]�Æ�����������D�d���y���Æ���B�����Û�BÅy�º���y�º���2�åÓ�)�d���t¹y�����2�[�]�º���tç	����Å��y�ºåR¹��»�2À�Ç��y�d��ÀRÒaÅ������Ì���'×RÀ�¾a�Ì�çÓÉDç�Ç�ÉD�����º���]���Ûç	����Å����d�����d�����2ÀRÇ��y�d��À�¾��»Õ�¸�¹��B×R� �d�]�2ÀÌÉÊ�t�



/�z
=�z í � ë � äÞê�î)ö�ä'âM¬µ2å)ä �	Ç á:í � å)ä áXä�é îËí�á�� � ç � í�ö ÷ G

−8 −6 −4 −2 0 2 4 6 8

x [mm]

8
6

4
2

0
−2

−4
−6

−8

y  
[m

m
]

0.0
0.25
0.5
0.75
1.0
1.25
1.5
1.75
2.0
2.25
2.5
2.75
3.0
3.25
3.5
3.75
4.0
4.25
4.5

Quantum Efficiency [percent]

S
C
A
N
0
4
M
A
R
0
0
.
P
I
N
3
 
2
3
-
M
A
Y
-
0
0

½+���d¹��]�äày�ºÜÓÝ�æFê	Å����B�R�2���BÅ��R¼���Á���� �Ø���B���º��×R�µç�Å����4�2����åR¹Ì���R�B¹��î� � �»�º�»����×a�[Â������[�a���y�B���Û¸������[��4�Ó�[�B¹y�B�������R�B���[���2���ÆÅD� �d�]�º�]���d�D���<�D�[��� ��¼4�]�4�%�d���Ó×'�]�2�[���d�



/�z
=�z í � ë � äÞê�î)ö�ä'âM¬µ2å)ä �	Ç á:í � å)ä áXä�é îËí�á�� � ç � í�ö ÷ P

0

1

2

3

4

5

0 1 2 3 4 5 6 7 8

QE vs. distance from geometric center

M
ea

n 
Q

E
 [

%
]

radius [mm]

½+���d¹��]�tà���ÜdÜ�æ<ê	Åy�d�B�R�2���BÅ��R¼��%Á��y� �
�d�B������×'�	ç�Å��%�d�»�d�4�»�B�B���X�����R�]���X�[�<�]Å����2���BÅ��R¼��%�����BÅy�t���B���d���8À�����¼�ý�Æ�[¼y�º¹y���º�)�
�d�B����¼%�Ø�]�d�?�]Å��D��Ë�Ì��3�)���R�d�]¼����Ì�[�]�X�Ì�[���B�Ó�	ç�Å��X���B�]�d��¸Ì�[�����)�BÅ����]�4�������BÅ��X�����]���Û¸����X�[��4�Ó�[�B¹y�B�������R�B���[���2���ÆÅD� �d�]�º�]���d�8�	ç�Å��������)�BÅ������[����¼Ì���Æ�%�[��½+���d¹��]�Äày��Ü2Ý��



/�z
=�z í � ë � äÞê�î)ö�ä'âM¬µ2å)ä �	Ç á:í � å)ä áXä�é îËí�á�� � ç � í�ö ÷ :

� pC\�febxs�\,c n s y W`fZfeb�Y n chSmsA\�s yÐn _~}1\,_QY[W n _mb�f z pmbxs�\ÐÙ¼f nQy �~WZ_Cw:Yd\ y pj_CWer1SC\�s otn c YdW`VXWZ_CwhÛ[W`YdY[\,c
s�S zCz c[\^s[s�W n _Öb{s�]~\�s y c[W`Um\�] z cd\,}QW n Sis�f`|)W`_'R1\ y Y[W n _ � � � � Æ~�
� pC\ q g÷s�|js�Yd\,V otn c:YdpC\"sAS z \,c y�n _m]~S y Y[WZ_Cw�²^Ù y \,fZf(b y,y \,fZ\,c�b�Y[WZ_Cw y b,}~WZYA|Xpmb{s�b o \,\�]·Ù

Umb y �Ös�|js�Y[\�V?��pCW y p'W�s7_C\ y \^s[s[b�c[|'Y n kmf`f
Y[pC\"pCWZw{p?m9s�Ydc[S y Y[SCcd\)b/_m]�Y n V�b�W`_QY�b/WZ_�YdpC\
]~\�sAW`cd\�] z pmb{sA\1���ÿs y pj\,V�b/YdW y�n�o Y[pjWes�sA|CsAY[\,VÝW�s-s�p n ��_�WZ_%g W`wxSCc[\NÆ~�Z° � � � pC\X}1\ y Y n c
V n ]~Sjfeb/Y n c yÐn _~Ydc n fes"Y[pC\ b/V z f`WZY[Sm]~\¡b/_m] z pmb{sA\ n�o Y[pC\�f n ��Ù¼f`\�}1\,f q g s�W`wx_mb/f¼�÷� o Y[\,c
b/V z f`WÃk y b/YdW n _"W`_Nb�s n f`W�]2sAY�b/Yd\-b/V z f`WÃkm\,c,�xY[c�b,}1\,fZW`_Cw���b,}1\�b/V z f`Wlki\,c�b/_i]Xß:f`|js�Y[c n _��1YdpC\
q g�Wes yÐn S z f`\�]�WZ_~Y n Y[pj\:²,Ù y \�f`f y b,}QW`YA|1� � pj\7Ydc�b/_is�VXWZY[Y[\^] zmn ��\,cÌb/Y�°�Æ �{� �'´7à�WeshVXW`©Q\�]
��W`Ydp b�c[\ o \,cd\,_ y \�s�WZw{_mb�f n/o °,Æ �{� � � Ê � �'´�à1�Qb/_m]XY[pj\�cd\�s�Sjf`Y[WZ_Cw � Ê � �j´7à�s�WZw{_mb�f y b�c[cdW`\�s
Y[pj\�b/V z f`W`YdSm]~\)b�_m] z pmb{sA\�W`_ otn c[V�b�Y[W n _�� Ø YvWesv]~W`wxW`Y[WZà,\�]Äb/_m]%b�_mb/fZ|~à,\^]�U~|Åb']~WZw{W`Y�b/f
s�WZw{_mb�f z c nQy \�s[s n c µPu�RQa�¶vW`_QY[\,c o b y \^]Þ��WZY[p±b � _CW`© yÐn V z SCY[\�c,� � pC\,_ yÐn _~Ydc n f�sAW`wx_mb/f�s
Y n Y[pj\�}1\ y Y n c�V n ]QSCfeb�Y n c�b�c[\ yÐn cdc[\ y Yd\�]XSC_QY[W`fGY[pC\ n SCY z SCY n/o YdpC\ y b^}QW`YA|)V�b/Y y pj\�s�YdpC\
]~\�sAW`cd\�]%b/V z fZW`YdSm]~\X�¬b^}1\ otn c[V b/_m]±]~\�s�WZc[\�] z pib{s�\ y�n VXV�b�_m]~\�]'UQ|MYdpC\�Sms�\�cXb�Y2YdpC\
� _CWZ© y�n _ms n f`\T�
� pC\ q g otn cvY[pC\)w{Sj_MW�s yÐn _~Ydc n f`f`\^]�W`_�YdpC\�s[b�VX\"��b,|1� ´ n ��\�}1\,c,��W`Y-�¬b{s�Sis�Smb�f`f`|

n{z \,c�b/Yd\�] n{z \,_~Ù¼f n1nxz � � pmb/YXW�sÐ����W`Ydp n SjY�]~|Q_mb/VXW y�yÐn cdc[\ y YdW n _ms�Y n Y[pj\ yÐn VXV�b/_i]~\�]
b/V z f`WZY[Sm]~\vb�_m] z pmb{sA\1� Ø _ n c�]~\,c�Y n y f n s�\vY[pC\"f n1n{z ��Y[pj\ q g z Sjfes�\ n _ÄY[pC\"wxSC_'V)Sms�Y
Um\7V n c[\�Ydpmb/_Ö° �{� ��sA\ y f n _CwC� Ø _ n c�]~\,c�Y n c[\^]~S y \�Y[pC\�]Cb�c[� y SCcdc[\,_QY o c n VÜY[pC\�w{SC_Ë�·�Ì\
SmsASmb/fZf`| z c[\ o \�c[c[\^]�Y n"n{z \,c�b�Y[\-��W`Ydp�b/_ q g z SCf�s�\-bxs�s�p n c[Y�bxs z¥n s[sAW`UCfZ\1��g n c:° � z SCfesA\�sÐ�
b �{� ��sA\ y q g z Sjfes�\��¬b{s(Y[pj\�s�Y�b�_m]Cb�c�] nxz \�c�b/YdW`_Cw yÐn _m]~WZY[W n _�� £Ä\�VX\�bxs�SCcd\�]�YdpC\ z pmb{sA\
Û[W`YdY[\,c otn c�Y[pC\-wxSC_���WZY[p b/_m]���W`Ydp n SCY o \�\�]~Umb y �Nb/_m] otn SC_i]¤_ nNyÐn _ y f`SmsAW`}1\�]~WlÚG\,cd\,_ y \T�
� pC\ z pib{s�\vÛ[WZY[Y[\�c�VN\�b{sASCc[\,VN\,_~Y�Wes-W`_ o \�c[c[\^] o c n V Y[pC\ y pmb�c[w{\NY[c�b�_ms�VNWes[sAW n _�_C\�b�c

Y[pj\"à,\,c n¡y c n s[s�WZ_Cw n�o Y[pC\ q g÷WZ_'Y[pC\"wxSC_��X� n _is�We]Q\,cvb/_Åb/©QWeb/f
\,f`\ y Y[c[W y km\,fe] zmn W`_QY[W`_jw
���~�¼�¡YdpC\ y b/Ydp n ]~\1��£�\-��WZf`f y p n1n sA\"Y[pCW�s7]~WZc[\ y Y[W n _�Y n pmb,}1\�b z¥n s�WZY[W`}1\vsAW`w{_Ë�KsAW`_ y \-YdpC\
otn c y \ n _ z p n Y n \,fZ\ y Ydc n _isÁW�sQÍ �¢IQp zmn W`_QY[\^]��1½1� n�o YdpC\ y b/Ydp n ]~\1��£�pC\,_�Y[pj\:\,f`\ y Y[cdW y
km\,f�]�Wes _j\,w1b�Y[W`}1\¬b/Y�Y[pj\�Y[W`VN\ n�o YdpC\�b/cdc[W`}xb�f n/o Y[pC\�f�b{s�\�c z SCf�s�\1�{YdpC\,cd\���W`f`fQUm\�_ nvy pib/c[wx\
Y[c�b/_msAVXWesds�W n _��-�:s�Y[pC\"à,\�c n�y c n sds�W`_jw n/o Y[pj\"\,f`\ y Y[c[W y km\,fe]�µt��pCW y p�}xb�c[W`\^s:s�WZ_~Sms n W�]Cb/fZf`|
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s�Si]C]~\,_CfZ|�W`_ y c[\�bxs�\1� Ø _%YdpC\'b�Ums�\,_ y \ n/o Û[WZY[Y[\�c"U¥\�Y��Ì\,\,_%Y[pj\�febxs�\,c)b�_m]÷Y[pj\ q g��(YdpC\

y pmb/cdw{\�Ydc�b�_ms�VXW�s[sAW n _ y SCcd}1\���W`fZf�c[W�s�\�fZW`�1\-Y[pj\ y SCV)SCfeb�Y[W`}1\�W`_QY[\�w{c�b�f n�o Y[pC\vfeb{sA\,c z SCfesA\
Y[\�V zmn c�b�f z c n kif`\1����pCW y p otn c bM¢�b/Smsds�W�b/_ z SCfesA\'Wes2YdpC\�\�c[c n c o SC_ y Y[W n _�� � pC\Äs�f n{z \

n/o YdpC\�Ydc�b/_is�VXW�s[s�W n _ y SCcd}1\'b�Y2pmb�f o V�b�©~WZV"SCVÝWes)]~W`cd\ y Ydf`|�cd\,feb�Y[\�]%Y n Y[pC\ ��We]~Ydp n/o
Y[pj\Xfebxs�\,c z Sjfes�\T�Mµ � pCWes z c n }QWe]~\^s�b/_±W`_m]Q\ z \,_m]~\,_QY y pj\ y � n _%Y[pC\�febxs�\,c z SCf�s�\XfZ\,_Cw{Ydp
VX\�bxs�SCcd\,VX\,_QY�sh��W`Y[p�YdpC\vs�Y[cd\�b/� y b�VX\,c�b~�l¶
Ø _�Y[pj\ z cd\�s�\,_ y \ n/o Û[W`YdY[\,c�Um\,YA��\�\,_�YdpC\�f�b{s�\�c z Sjfes�\¬b/cdc[W`}xb�f~YdW`VX\ n _"Y[pC\ y b/Ydp n ]~\¬b/_m]

Y[pj\"Y[W`VN\ n/o à,\,c n Ù y c n sds�WZ_Cw n/o YdpC\ q g�km\,f�]K�KY[pj\�c[W�s�WZ_Cw y SCcd}1\ n�o�y pmb�c[w{\"Ydc�b�_ms�VXW�s[sAW n _
Um\ yÐn VX\�shb�Umb�_m]K� � pC\�cdV�s ��We]QY[p n/o YdpCWeshUmb/_m])Wes(b:VX\�bxs�SCcd\ n/o Y[pC\ z pib{s�\
Û[W`YdY[\,c�� Ø Y(W�s
_C\ y \�s[sdb/c[|"Y n V�b��1\�YdpC\7f�b{sA\,c z Sjfes�\�b{sÌs�p n c[Y¬b{s zmn s[s�WZUCf`\vµª�Ì\7Sis�\�Y[pC\ � z stkÞ¢�b/Sis[s�W�b/_
febxs�\,c z SCf�s�\XUQ|'UCf nQy �QW`_CwÖb/c[V¡s n�o Y[pC\ z SCfesA\�s�Y�b y �1\,cÐ¶�b�_m]�Y n cd\�]~S y \2YdpC\ y pmb/cdw{\1�
s n
Y[pib/Y�s z b y \ y pmb/cdw{\:pib{s�fZW`YdY[f`\�\�ÚK\ y Y,�h£�\�Y[pC\�_2f n w�V¡b/_Q| zmn WZ_~Y�s�b{s�Y[pC\ z pmbxs�\:W�s(}{b�c[WZ\�]
_C\�b�c-Y[pC\Xà�\,c n y c n s[sAW`_Cwj�X£�\)pmb,}1\"c[\ yÐn c�]~\�]'U n Y[p�YdpC\�sA\,Y z pmb{sA\�b{s yÐn VNV�b/_m]Q\�]�b�Y
Y[pj\ � _jW`© yÐn _is n fZ\1�hb/_m]ÄY[pC\)]~\�Y[\ y Yd\�] z pmbxs�\1� � pC\)Y[c�b/_msAVXW`YdY[\�] q g zmn ��\,c o c n V?YdpC\
w{Sj_'b/Yv°,Æ �{� �'´�à:Wes�VXWZ©~\^]���WZY[p b2sAY�b�UCW`fZW`à,\�])c[\ o \,cd\,_ y \ o c[\�r1SC\,_ y | n�o °�Æ �{� � � Ê¤�'´�à1�
b/_i]�Y[pC\ z pmb{sA\ n/o Y[pC\)Y[c�b/_msAVXW`YdY[\�] q g�Wes:\,_ y�n ]~\�] n _QY n YdpC\ z pmbxs�\ n�o YdpC\ � Ê � �C´7à
s�WZw{_mb�fP� § \,Y:Y[pj\�Y[c�b/_msAVXW`YdY[\�] q g zmn ��\,c o c n VÈYdpC\"w{SC_Äb�Y"µ��7¶2ï � � �õ°,Æ �x� �'´7àvb/_m]
Y[pj\�f nQy b/f�cd\ o \,cd\,_ y \ n s y WZf`f�b/Y n c�b/Y-µ9�`� k ¶2ï � � �$°�Æ �{� 
 � ÊX�'´7à:Um\-��c[WZY[Y[\�_�bxs

�8Ï#Ð µB¤»¶��I� | yÐn s�µ��%¤a� Ñ�¶ µPÆQ� � Ê·¶�8ÒÔÓ µB¤»¶��I�D& yÐn s w µ9� � k ¶�¤ x 
 µPÆQ� � Î·¶

�7_�We]Q\�b/fGVXW`©Q\,c�w{WZ}1\�s�Y[pC\ z c n ]~S y Y

� � % Õ � ��Ò�Ó µ]¤�¶ �8Ï#Ð µB¤»¶��I�X&/� | y�n s w µ��p� k ¶Æ¤ x yÐn s w �%¤�� Ñ x 
 µPÆQ� � ³{¶

� sAW`_Cw"YdpC\-Y[c[WZw n _ n VX\�Y[c[W y We]Q\,_~YdW`YA| yÐn sM��� yÐn s6Ûë� |¶ w yÐn sÐµ9���pÛ�¶K� yÐn s,µ9�µ¥pÛ�¶ x
� � % Õ � � & � |

� Õ yÐn s w µ � �`� k ¶�¤�� Ñ x � yÐn sÐµ k ¤0� Ñ�¶�ÖP
 µPÆQ� � ¸·¶
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� pC\-pCWZw{p o cd\�r1SC\,_ y |"Yd\,c[VÀµ � ��� k ¶�_C\^b/c � Î �{� �'´�à:Wes�kmfZY[\,cd\�] n SCY��Cf`\�b,}QW`_Cw n _CfZ|
� � % Õ � �X&3� |

� yÐn s,µ k ¤�� Ñ�¶�
 µPÆQ� � ²·¶

� pC\ � Ê � �C´7àvsAW`w{_ib/f(W�s�b/_mb�f`|Qà,\�]¤UQ|�Y[pC\v]~WZw{WZY�b/f
s�WZw{_mb�f z c nQy \�sds n c"µPu�R·a¬¶¬Y n w{W`}1\-YdpC\

z pmbxs�\�Ñ�c[\,f�b/YdW`}1\�Y n b/_)b�c[UCWZY[c�b/c[| z pmb{sA\ yÐn _msAY�b�_~Y��·��pjW y p"pmb{s(_ n:z p~|js�W y b/fmsAW`wx_CWlk y b/_ y \
b/_i]¤Wes�WZw{_ n c[\�]G�
� pC\N]Cb/Y�b otn c-Y[pC\)sA\,Y z pmbxs�\ µ yÐn VXV�b�_m]~\�]¥¶Ìb�_m]'Y[pC\)]~\�Y[\ y Yd\�] z pmb{sA\�µtc[\�bx]~Umb y �m¶

b/cd\:b�_mb/fZ|~à�\�]2sA\ z b�c�b/Yd\,f`|T�(£�\�s�p n ��WZ_Xg WZw{SCcd\�Æ~�Z°,Æ�YdpC\ z b/cdY[Web�f z pib{s�\�s y b�_2}1\,c�s�Sms(YdpC\
]~\,Yd\ y Yd\�] z pib{s�\T� � pC\)b�_mb/fZ|CsAWes���s�p n ��_'WZ_Äg W`wj�KÆQ�`° ø W�s:] n _j\"U~|�kmc�sAY-s�SCUjY[c�b y Y[WZ_Cw n Ú
Y[pj\:Um\�s�YAÙªkmY¬s�f n{z \-Y n YdpC\:cdWes�WZ_Cw�cd\,w{W n _�� � pj\,_�s�Y�b/YdWes�YdW y sÌb/cd\-b zCz f`W`\^]�Y n Y[pj\ zmn W`_QY�s n _
Y[pj\�cdWesAW`_Cw"Umb�_m]�µtY[pC\-U n ©~\^]¡cd\,w{W n _ n/o g W`wxSCc[\vÆ~�Z° ø ¶���pCW y pNw{W`}1\^s�Y[pC\-c[\^s�SCfZYR-

k�¦��þÆ~
ýÎ m%� 
 � z s o c n VÈ]Q\,Y[\ y Y[\�] z pmb{sA\ µPÆQ�ýÆ � ¶

R1W`VNW`feb�c[fZ|1�,��\�b/_mb�f`|Qà,\�Y[pC\�s[b�VX\�]Cb/Y�b�sA\,Y�Sms�WZ_Cw�YdpC\:sA\,Y z pmbxs�\1� � pC\ z b�c[Y[W�b/f z pmb{sA\
s y b/_'Wes�s�p n ��_'WZ_'g WZw{SCcd\"ÆQ�`°,ÊQ�hb/_m]�YdpC\"b�_mb/fZ|CsAWes�Wes:sAp n ��_'W`_'ghW`w{Sjc[\"ÆQ�`°�Î~� � pC\vc[V�s
Û[W`YdY[\,cÌc[\�sASCf`Y�W�s�-

k�¦�� � 
ý¸ m±� 
 � z s o c n VÈs�\,Y z pmbxs�\ µPÆQ�ýÆQ°/¶

£Ä\X\,© z \ y Y[\�]'Y[pib/Y"SmsAW`_Cw'YdpC\�]~\,Yd\ y Yd\�] z pmb{sA\¤� n SCf�]�Um\�b/_%WZV z c n }1\,V)\,_QY n }1\,c-YdpC\
s�\�Y z pmbxs�\1�(p n �Ì\,}1\,c��ÏYdpC\)\ÐÚG\ y Y n/o VX\�bxs�SCcd\,VX\,_1Y�\,c[c n cvW`_�YdpC\X]Q\,Y[\ y Y[\�] z pmbxs�\�bx]C]Cs
W`_±r1Smb{]Qc�b/YdSCc[\T� � pC\�sA\�VX\�b{sASCc[\�VX\,_1Y�s-b�c[\ yÐn _ms�W�s�Yd\,_~Y"W o Y[pC\�VX\^b{s�Sjc[\,VX\�_~Y�\,c[c n c"W�s
� � � Î z sÐ� n c:b�U n SCYv°�]Q\,w{cd\,\ n/o
z pmb{sA\"b�Y�°�Æ �{� �'´7à1�
a(c[\,}QW n Sms�fZ|2WZ_�R1\ y YdW n _ � � � � ø n _ z b�w{\)°,¸"��\�]~Wes y Sms[sA\�]XY[pC\ÕÛ[W`Y[Yd\,c�VN\�b{sASCc[\,VN\,_~Y n/o

Y[pj\7V n ]Q\ÐÙPf nQy �1\^]"�:])- � § gÞf�b{s�\�c���W`Ydp2cd\�s z \ y Y�Y n W`Y�s�¸Q°{� � Ê"�'´7à�c[\ o \�c[\,_ y \�b/_m] otn SC_m]
k ¦ �$°<
Ã³�¸ m%� 
Z° ø z s,�
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Detected Phase [deg] (from 250 kHz error signal) 
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Phase jitter analysis: detected phase
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best fit slope in rising region
has been subtracted off

statistics applied in boxed region:
σ

J
 = 1.7±0.1 deg = 3.6±0.2 ps 
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Phase jitter analysis: set phase
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best fit slope in rising region
has been subtracted off

statistics applied in boxed region:
σ

J
 = 1.3±0.1 deg = 2.8±0.2 ps 
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� pC\"\,VNW`Y[Y�b/_ y \ n/o b z p n Y n WZ_�Û[\ y Y n c:W�s7bX}1\,cd|XW`V z¥n c[Y�b/_QY z b�c�b�VX\,Y[\�c7Y n�y pib/c�b y Y[\�c[W`à�\1�
b{s�WZY-Wes�b�VN\�b{sASCc[\ n/o YdpC\ z pmbxs�\ s z b y \ nQy�y S z WZ\�]�UQ|�YdpC\XUm\�b/VÖ� Ø _ n c�]~\,cvY n�otnQy Sms
Y[pj\"U¥\^b/V?Y n bXs�V�b�f`f
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Summary: Emittance versus Charge
minimum emittance (at cross X3)

y = 1.9652 + 1.4637x R= 0.99616 

N
or

m
al

iz
ed

 E
m

it
ta

nc
e 

ε n [
π 

m
m

-m
ra

d]

Charge [nC]

�h���� �¡£¢Z¤�¦�§�ÃMªÕ°Q²T��³®³F¬?´�µ[¢HÖ�¢�¡®® M×µF¹�¬:¡®��¢5ª��5¡x¬?´M¯Ø£ �²T²W¬?¡®Î¾¶?Â%³®¹�¢�¶5·�³®��²G �²�¢[²8�¨³£³x¬:´�µ[¢�¬?³!¢�¬?µF¹GµF¹�¬:¡®��¢®¢�³®³®��´��	¦��h�¨�5 �¡®¢�µ[¶5 �¡®³£¢[®Î�¶?ÂÙÏ	¦ ÐÒÑ!¦�Ä�¬:¡®´�¢[��¡£¶�¦



���������J�j���)�����:Ón���+�����k�d�W�d�W� �����n�Z���5�J� �������W�����+�
� �Ú���

�0ù¥ôñõcoÛ�ï54 û#ï�Úó��&ù¥ûcf�giû��Vÿh���aÜ úÔû¢ò óM�ÔïOÜ�` > óºûQÞÝ � ; l = &$Mß ^�à }_¥á�â VCã à �b�[õ#ï�û#ï#�ü ï(ó(ô�ø#ðñï��Áó(ð�ï ó ô�ïØð�@ë÷¥ù�û#ï(ó(ðeù¥ûÚôñõ#ï�÷ ó	��ïØðÁïvû#ïØðA��� ü úÔð:ô�õ#ï3@&ù�!8÷¥ï:öØó	��ï > óºûQ¢ó õ+ó(ð?��ó(ô�ø#ðkóºôñù¥úÔû�úºüAôñõ#ï�öÝõ óºðA��ïmü úÔð0ô�õ�ï õ�ù��Ôõ�ï��Oô�÷�ó��OïØð0ïØû�ïØðA��ù¥ï����



�Ú���

äæå3ç1ì�èÍéWêìë
í éjî ì�í�ê�çRïcðØå3ç+ê�çRðØè�é)ê¥ñaòTç�è�ñvíôó í�õöè�å3é ÷øéWçRî

f�÷¥ï(öoô�ð�ú�û � ï(ó�@����0ù�ô�õù�Oõ#ú�ð�ô � ø�û+öÝõç÷¥ïØû!��ô�õ��fó(ð�ï��ï<�Où¥ðkó � ÷�ïÁü úÔð�õ#ù���õ�ïØû#ïvðA�	�ò�õh�Ù�Où ö#� >ü ð�ïvï5ú�ïv÷¥ï(ö`ôñð�ú�û�÷�ó��OïØð.� � eÍf¥ûZü¨� � ó(û�úÔô�õ�ïØðfóºò�ò#÷¥ù öØóºôñù¥úÔûQ�5�je#úÔðmïa"#ó�@&ò#÷¥ï > ù¥û�ö`ú�÷¥÷¥ùD�ïØð.�Cü ú�ðõ#ùC�ÔõïØû#ïvðA�	��ò#õ��!��ù�ö#� > ô�õ#ïe÷�ø!@&ù�û#ú%��ù¥ô[����övóº÷¥ï<�mó	�mô�õ�ïeù¥û�NiïØð?��ï � ø#û öÝõ÷�ïØû!�Ôôñõ � ü ú�ð84�"8ï�ö�õ+óºð��Ôï � �k��ïØû#ïvð�óº÷�÷��n�Oò+ï(óML8ù¥ûÙ� > ô�õ�ï3ö`ð�úÕ�A�Fú[��ï(ö`ô�ù�úÔû ü ú�ð1õ#ùC�ÔõhúTïØû#ïvðA�	�ù��övóºô�ôñïØð�ù�û!�3ï#NiïØû8ô?���övóº÷¥ï<��L8ù¥û�ï#@3óºôñù�öØó(÷¥÷C� ó	�ý� 9 _ ó��Âô�õ�ï ïØû�ïØðA���Þ_ëú(üeôñõ#ï ò óºð�ôñù�ö`÷�ï��Áù�û+ö`ð�ï	ó	�Oï<�5�ÿþ~ù���õ÷¥øÙ@&ù¥û#úÕ�Où�ô���ù���û#ï(ö`ï<�A��ó(ðA�fü úÔðAú � ��ïØðAN�ó(ô�ù¥ú�ûÁú(ü]ðkóºð�ï�ï#NiïØû8ô?���Ze ðñïØï5úTïØ÷¥ï	ö`ô�ðñúÔû1÷ ó	��ïØð?��ó(ôØ�Oõ#ú�ð�ô�0ó#NiïØ÷�ïØû!��ô�õ��Vóº÷���úÁðñï�giø#ù¥ðñïfóô��õ#úÔðñô � ø#û+ö�õÂ÷�ïØû!��ô�õ3ù¥û&ôñõ#ïfø#û��ø�÷�óºôñúÔða�
� û#ï3úºü�ô�õ#ï3ó�hN�óºû8ô�ó��Ôï��eúºü�ô�õ#ï3ò#õ�úÔô�ú�ù¥û���ï	ö`ô�ú�ð1ù��1ôñõ#ï3ó � ù¥÷�ù¥ô[� ôñú�ö`úÔû8ô�ðñúÔ÷Vô�õ#ï3ù¥û�ùmúô�ù óº÷ � ø#û+ö�õ�÷¥ïvû!�Ôôñõ �0ù¥ôñõ�ô�õ#ï����s÷�ó��OïØð�ò#ø#÷D�Oï&÷�ïØû!�Ôôñõ��ý�[õ#ï:ò#õ#úÔôñúiï#@&ùD�A�Où�úÔû�ðñï��Oò+ú�û��Oïô�ùC@&ïW@�ø��Oô � ï1üTó��Oô > úÔð���ò#ðñú	@&ò#ô
	h����ïØô�ó(÷�öØóºôñõ#ú��ï��~õ ó<Niï�ô�õ#ïfüTó	��ô�ï���ômð�ï���ò+úÔû���ïeô�ù�@:ï��� *j� /	/ üx� �?> óºûQ��Oïa@&ù�ö`ú�û��ø+öoô�úÔð.�Ç��ïØû#ïØðkóº÷¥÷C�J@�ø+öÝõ±�O÷�ú��[ïØð � �Oï#NiïØðkóº÷�ò#ù�ö`úÕ�Oï(öoúÔû�!� � ïa@&ù��Fú�Où�úÔû�ô�ùC@&ï��5��IØ� & �]ïeù��mò#ð�ú � ó � ÷��ù¥û8ô�ïvðA@&ï�8ù�óºôñï � *j�eò�� � �Âýiò+ó�ö`ï:öÝõ+ó(ðA��ïÁï#"8ò+ó(û��Où�úÔû�úºüô�õ�ï � ø#û+ö�õe÷¥ïØûÙ�Ôô�õ óºôA÷¥ú�� ïØû#ïvðA�	�fùD��ó~ò#ðñú � ÷�ï#@ý��ýiò+ó�ö`ï�öÝõ óºðA��ï�óº÷D�Oúfù¥û+öoð�ï(ó��Oï��]ô�õ#ï0ïa@&ù¥ô[úô�ó(û+ö`ï%�Te#úÔð�ô�õ�ù��0ð�ï(ó��OúÔû > ù�ô~ùD� � ïØôñô�ïØð�ô�ú�÷¥ïØûÙ�Ôô�õ�ïØû�ôñõ#ï���X÷ ó	�Oïvð~ò#ø�÷��Oï > óºû�ö`ú�@&ò#ðñï��A�ô�õ�ï ïv÷¥ï(ö`ôñð�ú�û � ï(óM@>ô�ú�ó
�Oõ�úÔð�ôñïØð � ø#û+ö�õ&÷¥ïvû!�Ôôñõó	ü ôñïØð�óÔövö`ïØ÷¥ïvð�óºôñù¥ú�û��\�ûÚô�õ�ù���IAõ+ó(ò#ô�ïvð > �[ï�ò#ð�ï���ïØû8ôô@&ï	ó	�Oø�ð�ï#@&ïvûiô?� ú(ü�ô�õ#ï � ø#û+ö�õÚ÷�ïØû!�ÔôñõÚø���ù¥û!� ó ò#ùmúö`úÕ�Oï(ö`ú�û����ô�ðñï(óML3övóM@&ïØðkóh�[ýiò óÔö`ï�ö�õ+óºð��Ôï1ïa"�ò+ó(û��Où�úÔû3úºüqô�õ#ï � ï(óM@ öØó(û � ïd�OïØïvû � �&ôñõ#ïN�óºðñù�óºôñù¥ú�û�úºüqô�õ#ï � ø#û öÝõ�÷¥ïØû!��ô�õ�NiïØð.�Oø���öÝõ óºðA��ïmü úÔð � ú�ô�õ�ó
�Oõ#ú�ð�ô � ; ò�� = V � ó(û�óe÷¥úÔûÙ�� � / ���1ò��Te*îYþ�� � ÷�ó��OïØð0ò#ø�÷��OïÕ�
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î ï�óº÷D�Oúfò#ðñï��OïØû8ô�@&ï(ó��Oø#ðñï#@&ïØûiô.�¿ú(ü�@3ó��Ôû#ïØôñù�ö � ø#û+ö�õ&öoú	@&ò#ðñï��A��ù¥ú�ûeø��Où�û!��ó ö�õ#ù öØóºû#ïúºüT`O8ù¥ò+úÔ÷�ïô@3ó��Ôû#ïvô?�5�3�[õ#ï3öoú	@&ò#ðñï��A��ù¥ú�û ï#"8ò+ïØð�ùC@&ïØû8ô?�G�[ïØðñïÁò+ïØð�ü úÔð�@&ï��óºô�8ù���ïØð�ïvû�ôö�õ+óºð��Ôï�� > ó(û��ó(÷��Oú&ü ú�ð � ú�ô�õ�ôñõ#ïÁ÷�úÔû!��ó(û� ôñõ#ï±�Oõ#ú�ð�ô � ø#û+ö�õ�÷¥ïØû!��ô�õ�� � ø#ð � ï��Oô�ö`ú�@ôúò#ðñï��A��ù¥úÔû óºô0õ#ùC�Ôõ öÝõ+ó(ðA��ï ùD�0ó1ò+ï(óML�ö`ø#ðñð�ïØû8ô[ú(ü ; �¨Ü+L 2 �2 ���Vïô@:ïØû�ôñù¥ú�û#ï�Âò�ð�ï#N8ù¥ú�ø��O÷C�ù¥û ýiï(ö`ôñù¥úÔûçÿh�C� � ò+óM��ï�� ; �?> @3ó��Ôû#ïØôñù�öeö`ú�@&ò#ðñï��A��ù¥úÔûù��eó�ðñúÔôkóºô�ù�úÔû úºü�ô�õ�ï � ø#û+ö�õÛ�ù���ô�ðñù � ø#ôñù¥ú�û�ù¥û ô�õ�ï ��� -���� � ò#÷�ó(û#ï > ú�ðeï�gPø�ù�N�óº÷�ïØû�ôñ÷�� > ôñõ#ï��� -
�¥_ � ò#÷�ó(û#ï%� 2 û&ù¥û8ô�ø#ù�ô�ùCNiï[ò#ù ö`ô�ø#ðñï~ú(üNö`ú	@:ò#ð�ï����Où�úÔû�ù���8ïØò#ù�öoô�ï�1ù�û�e*ù���ø#ð�ïT`!�C� � ó	ü ô�ïvð
� ���#~� � � �[õ#ï�ô�úÔò ïØ÷�÷¥ù�ò��Oï&ùD�1ô�õ#ïn�ù���ô�ðñù � ø#ôñù¥ú�û{ú�ø#ô�úºü�ô�õ#ï3�Ôø#û > �0ù¥ôñõ¢óO��@3ó(÷¥÷AïØû#ïvðA�	��Oò�ð�ï(ó� � ø�ô ÷�úÔû!� � ø#û+ö�õ÷¥ïvû!�Ôôñõ��&ýiï(ö`ú�û� ü ðñú	@ ô�úÔòçù��móØü ô�ïØðfú!��ú ö`ð�ï<�Oôeó�öØö`ïØ÷�ïØð�ó(ô�ù�úÔû�ù�ûô�õ�ï#"<ú ö`ïØ÷¥÷qöØó#N�ù�ô��±�Ôù�N8ù¥ûÙ��ó�ô�ù�@:ï5ú�ïvû#ïØðA���3ö`ú�ð�ð�ïv÷�óºôñù¥ú�û����[õ#ï
�ùD�Oò+ïØð.�Où¥ú�û ù�ûô�õ#ï�ö�õ#ù öØóºû#ïð�ú�ô�ó(ô�ï��*ôñõ#ïG8ù��Oôñð�ù � ø#ô�ù�úÔû � ô�õ�ù¥ð?~ü ðñú	@ ôñúÔò � ð�ï<�Oø#÷�ô�ù¥ûÙ�~ù�ûeó�ö`ú	@&ò�ð�ï����Oï� � ï(óM@ �£� úÔôñô�ú�@ � ��[õ#ï[ùD�A��ø#ï[ú(ü+ï#@&ù�ô�ô�ó(û+ö`ï���ð�ú��0ô�õ �ø#ðñù¥û!� � ø#û+ö�õ1öoú	@&ò#ðñï��A��ù¥ú�û ùD�*óT�Oø � ��ï(ö`ô�úºü�ö`ø�ð�ð�ïvû�ôð�ï<�Oï(ó(ð�ö�õù¥ûô�õ�ï+4+ïØ÷� � �	�%$'&�� ; /  F�eî ïeõ ó<Niï�û#úÔôj@3ó��ïeó3öØó(ð�ï`ü ø�÷��Oôñø�h��ú(ü0ôñõ#ù��~ï(��ï	ö`ô >� ø#ô�4 ð?�OôVù¥û�8ù�öØó(ô�ù¥ú�û��qü ú�ð0úÔø#ð � ø#û+ö�õ3ö`ú	@:ò#ð�ï����Oú�ð[ó(ð�ïfô�õ óºô[ôñõ#ïmï#@:ù¥ô�ôkóºû+öoï0ù��[ù¥û ö`ð�ï(ó��Oï�� �3ó üTóÔö`ôñúÔð�úºü*) ; �0õ#ïvûÂôñõ#ï � ï(óM@sùD�~öoú	@&ò#ðñï��A��ï� � � ; �( F�
ë�+-, .qéWç0/ ä213ê�ê�é�ó
è
� û#ï�4��Ôø�ð�ï[ú(ü�@&ïØðñù¥ô#ü úÔð � ��ø �H� ò#ù�ö`úÕ�Oï(öoúÔû�fïØ÷¥ï(öoô�ð�ú�û � ø#û+ö�õ#ï���ùD��ô�õ#ïVòKï	óML�ö`ø#ðñð�ïØû8ô > �0õ#ù öÝõ�ïØò+ïØûQ!� ú�û � ú�ô�õ ô�õ#ï öÝõ+ó(ðA��ï3óºû��ô�õ#ï � ø#û+ö�õ�÷¥ïØûÙ�Ôô�õ���\!ü�ô�õ�ï � ï(óM@bù����mó(ø��A��ù�ó(û{ù�ûô�ùC@&ï >

3 � � ��� U
4 ; l = V ï#"�ò � 7T� & 9 � ;	= &V ��� � `Ù��� �

�[õ#ïØû3ôñõ#ïfòKï	óML�ö`ø#ðñð�ïØû8ô[ùD� � ��8ï54+û#ù�ô�ù¥ú�û3ô�õ#ïfò+ï(óML±NÔó(÷¥ø#ïfú(üAô�õ#ï�ö`ø�ð�ð�ïvû�ôVò#ð�ú�4+÷¥ï%�
365 � U

4 ; l = V � `Ù� ; �
365 � L 2  �q� / 1 ÿ7"	Ü8"M` ; 1#1#1 � U � û×I9 = V � òQ�: 1 � `Ù� ÿ �
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î¢õ#ïØû�ô�õ�ï � ø�û+öÝõ÷�ïØû!��ô�õ�ù��mð�ïØò+ú�ð�ô�ï< ó���ü ø�÷¥÷��0ùD�ô�õçóºôfõ+ó(÷ üG@ óM"8ù�@�ø!@ � e�îYþ�� �MLH>ô�õ�ïØû
3E5 � ; 4 ; ÷�û ; U

4 ; lNL � `Ù� ` �
3 5 � L 2  � � / 1O"Ôÿ8"M`	`¥1#1#1 � U � ûHI9 L � òQ�: 1 � `Ù��~ �

î�ï0õ+ó#Niï0ö`ú�@&ò#ù¥÷�ï�~ù�û
�*ó � ÷¥ïG`Ù���0ó~÷�ù���ô*ú(ü]ô�õ�ï[ò+ï(óML ö`ø#ðñð�ïØû8ô�ó�öÝõ�ù¥ï#Niï�fó(ô���ïØ÷¥ï	ö`ô�ï�~üTó�ö`ù¥÷�ùmúô�ù�ï��5� 2 @&úÔðñï�ö`ú	@:ò#÷¥ïØôñï[÷�ù��Oô � ô�ú��ÔïØôñõ#ïØð��0ù¥ôñõÁú�ô�õ#ïvð�ò óºð�ó�@&ïØôñïØð?� � õ+ó�� � ïØïØû:ö`ú�@&ò#ù¥÷�ï� � ��]ð�ó#N�ù�ïØð � � / Ü� �ø���ù¥û!� �-"7"�ÿ~û8ø!@ � ïØð.�5��î�ï[õ ó<NiïVó(ô�ô�ïa@&ò#ô�ï<FôñúW��ø!@J@3ó(ð�ùCBØï�8ï#NiïØ÷¥ú�ò!@&ïØû8ô?��Où�û+ö`ï�ô�õ#ïvû > �0õ#ù öÝõ:ù¥û+ö`÷�ø��ï � ø#û+ö�õ&÷�ïØû!�ÔôñõJ@&ï(ó��Oø#ðñï#@&ïØû8ô?��óºô0ú�ð � ïØ÷�úM�¢ôñõ#ï�� /	/ üx��÷¥ïaNiïØ÷óºô�ô�õ�ï[ô�õ�ïØðA@&ù�úÔû#ù ö @ óÔö�õ#ù¥û#ï<�¿ý���Pfý�þW\QPWf � ; $ > ; �- +ó(û�RIØf9R 2 e � � ;	;  > ó(û� û#ï	óºð�÷C�fô�õ+ó(ô�Oõ�úÔð�ôFóºômôñõ#ï#PWf9S û � �+�×�¿ú�Lh�iú � ò#õ#ú�ô�ú�ù¥û���ï(öoô�úÔð � ; ÿ > � ; ÿ! x�j�[õ#ï1ôñõ#ð�ïØïd@3óÔö�õ#ù�û#ï����0ù¥ôñõô�õ�ï õ�ù��Ôõ�ï��Oô0ðñïØò+úÔð�ôñï�&ò+ï(óML3öoø#ð�ðñïØû�ôCóºðñï ôñõ#ï 2 ðA��úÔû#û�ï îçóMLiï�4+ïØ÷� 2 öØö`ïØ÷�ïØð�ó(ô�ú�ð �F2 î 2��
� � ; `8 ��0ù¥ô�õO���T"U�jL 2+> ô�õ#ï�IGû×\AIc�]ï���ôTeKó�ö`ù¥÷�ù¥ô[� � IØ�Ge úi\A\ � óºôjIØf9S�P � � ; /  ��0ù¥ôñõ ; � ÿ+L 2+>óºûQ ô�õ#ï 2WVYX õ#úÔôñúÔù¥û'��ï(ö`ô�ú�ð�óºôde#ïØðA@&ù�÷�ó � � ôñõ#ù��T�[úÔð�LZ ��0ù�ô�õ ; �¨Ü�L 2 �×�[õ#ïÁò�ø#÷���ïÁôñð�óºù�û�Oôñð�ø+öoô�ø#ðñï~ú(ü�ô�õ#ïj�Gf[ý!û 2 �ï��OùC�Ôû3ó(ô[ôñõ#ïQü ø�÷¥÷Z�![u�ø�ô��:ö5��ö`÷¥ï � �0ù¥ôñõJÜ /	/ &Q� /�/	/ ò#ø�÷��Oï<�qù�ûó�@ óÔö`ðñúÔò#ø#÷D�Oï0ðñïØò+ï(óºôñï�Áó(ôW� / þ8B � õ+ó�� � úÔôñõ3ó õ�ù��Ôõ:òKï	óML:ö`ø#ð�ðñïØû8ôAóºû�:ó õ#ùC�Ôõ:ó<Niïvð�óM��ïö`ø#ðñð�ïØû8ô#� X ø#÷D�OïT�Oôñð�ø+öoô�ø#ðñï�óºû�1ðñïØò+ïØô�ù�ô�ù¥ú�ûeð�ó(ô�ï��¿ü ú�ð�úÔôñõ#ïØð�@ óÔö�õ#ù¥û#ï<��÷¥ù���ô�ï�fù¥û
��ó � ÷�ïG`!�C�ù�����ù�NiïØû � ���]ð�ó#N8ù¥ïØð � � / Ü! F�2 ÷���ú�úºü�û#ú�ô�ïùD�Áô�õ#ïïa@&ù¥ôñô�óºû ö`ï&úºü õ#ù���õ¢ò+ï(óML ö`ø#ð�ðñïØû8ô � ï(ó�@��5�q�[õ#ïï<�Oô�ùC@3óºôñï�ï#@&ù�ô�ôkóºû+ö`ï�ù¥û�ôñõ#ù��G�[ú�ðAL3ù��G` / ôñúJ~ / l @J@]\ @Áðkó	éü ú�ðmó:ö`ú	@&ò�ð�ï����Oï� � ï(óM@ ó(ô�� ; û×IT��[õ#ùD�¿ùD�*ó[üTóÔö`ôñúÔð�ú(ü ; ô�úfÿ0÷¥ú��[ïvð]ô�õ+ó(ûeô�õ#ïGIØ�Ge úi\A\]ö`ú�@&ò#ðñï��A��ï� � ï	óM@§óºô���ù�@&ù�÷�ó(ð]ö�õ+óºð��Ôï >óºûQ�@�ø+öÝõ�÷¥ú��VïØð[ôñõ+óºû�ô�õ#ïfõ#ùC�Ôõ�öÝõ óºðA��ï 2 î 2c� ï(óM@n�
ë�+_^ êJèÍê�éWç`/ ð¥çRî éWê�ç aZéTè>bN1�ì
�[õ#ï �Oô�ðñï(óML öØóM@:ïØð�ó1ùD�~ó�@3óºôñø#ð�ïfôñï(öÝõ�û#úÔ÷�ú	�	�&ü ú�ðW@&ï(ó��Oø#ðñù¥û!�
��õ#úÔðñômò#ø#÷D�Oï��0úºüV÷¥ùC�Ôõ8ô~ú�ûô�õ�ï ò�ù�ö`úÕ�Oï(ö`ú�û�&ô�ùC@&ïW�ñöØóº÷�ï%���[õ#ï�ò#ð�ï���ïØû8ô[÷¥ùC@&ù¥ô�ü ú�ð0ô�ù�@:ïmð�ï���úÔ÷�ø#ô�ù�úÔû3ù��0ÿc� / üx�8e*îYþ��
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eKó�ö`ù¥÷�ù¥ô[� U � ûHI9 = � � òQ�: 365 � L 2  ý���P ý�þ)\:P)f > ýiôkóºû�ü ú�ð?e�+� � ; $! / � / �#` / � / ~ / / � ÿý���P ý�þ)\:P)f > ýiôkóºû�ü ú�ð?e�+� � ; �- / � /	/ ~7$ / ����` ; / � / �-$
fÔïg��ïØð?��úÔû�û�ó � IØf9R 2 e � � ;	;  `!1¨Ü�hO� / ¢�i / � / ÜM` ; 1 ÿjhO� / ¢ckI 2 P�lWf�û 2+> û 2 û!ú � ð?�ñó<� > e ðkóºû+öoï � � ; ~! ��� ;	; � ; / � / `f¥û]ý 2+> R[ð�ø!�nmïØðñï��iúT÷¥ï5ú�IAõpoó(ô�ïØ÷ > e#ð�ó(û+ö`ï � � ; $� ; "h1 ` á / � / Ü	~
R[ð�úiú	L8õ+ó#NiïØû 2 �Ge � � ; �- / �T" �	1C� ; á / � ÿ ;
R[ð�úiú	L8õ+ó#NiïØû 2 �Ge � � ; Ü! / � ` �	� ` / �����
PWf9S û > �+�Ù�¿ú�Lh�iú > fióºò+ó(û � ; ÿ! / ��~ / ��� / � ; "
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y = a+b*exp(-(x-c)^ 2/(2*d*d))
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Comparison Measured/Homdyn/Parmela
Measure of the total energy and the momentum spread for Q=1nC 

versus phase of the 9-cell SCRF cavity.
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2ps  IR laser pulse
from grating compression

IR
green

BBO type II     BBO type I
     doubling crystals

To green
DiagnosticsIR

green
UV

UV pulse stacker

dichroics

delay
stage

10 ps flattop UV

vacuum transport
line to cave: 3 bends,
total length ~20m

UV to photocathode IR to EOS experiment

Harmonic Separation and Propagation
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PD b

PD a
Polarizer

10 nC e-
3-10 ps

UV to gun
10 ps

Photocathode
Drive Laser

2 ps IR

Polarizer

Delay

Compensator

Differential Detection
(a-b) / (a+b)

Balanced Photodiode (PD) Pair

Electro-Optic
Crystal LiTaO3

z

x

y

y

z

3 1

x,2

Coordinate
System

Crystal
Orientation:
Geometry A

Glass Viewports
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initialize

open shutter

record measurements
A, B, ∆λ, clock time

loop
n times

close shutter

loop
m times

move stage by time
step ∆T,
record delay

end, write files

main loop
over total
time delay

record measurements
A, B, ∆λ, clock time
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Early Region Expanded: First EO signal
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Early Region: Fit to first peak
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y = a+b*exp(-(x-c)^ 2/(2*d*d))
ErrorValue

0.000666760.045701a
0.00242410.097311b

0.34111106.62c
0.3649412.14d

NA0.017789Chisq
NA0.95005R
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EOS waveform: geometry B, 8-10nC compressed
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Early Region: EOS waveform: geometry B, 8-10nC compressed
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FFT of EOS waveform: geometry B, 8-10nC compressed
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Calibration: LiTaO
3
: field along c-axis

y = M1+M2*sin(2*(x+M4))+M3*sin(4*(x+M4))
ErrorValue

0.024054-0.23218m1 
0.034776-1.6572m2 
0.034691-2.1205m3 

0.20291-3.9312m4 
NA0.16354Chisq
NA0.99752R2

LiTaO
3
 (voltage=100 [Vp-p])

distance between electrodes=8[mm]
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Longitudinal loss-factor: MAFIA vs. 
Experiment for a 6-port cross
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Transverse loss-factor from MAFIA
vs. Experimental transverse kick
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� ë¨ysë � ô�î�îwògvb��í�ò6o � ì/ôW©4íDo íHóUðñî~ðñôaí�ô�î y�<=b
õPä Ýª\�å�Ý	ËTÕ�õPÝ�ãTã�ãTß^ã8Ü�È�ÝÞä ÙeßGËì×èãTÝí×%Ë�Ùçâ õPÖBÈ�Ö�Ý�ã�ß^Ø|ÙBã8Ë8ÝUÜ�ä ß^ß|ØGâÉãTÝ	×xõPä ÝUáBØ|Úìá�ãTÙBã/Ý�Ú Õ�æ�á�Õ�×èØêÜT×-'�±ß|ã8Ü�È�Ý�ä8å�äìæBÈ�ØêÜu×�Ë�ü�æBß|Ø^ÙBÚfØê×6U)Ë�È�æBÝÞã8×èãTÙÉÈFU�È�á�ã°äìÙBß|ÕÃÈ�Ø|ü�ã�å®âÉä üuË8Ø|Ùeü�ãTÈ�á�äÉâ�ÜTË�æçË�éBß^ã°Ø^ÙæBÝÞØ|Ù!Ü�Ø^æBß|ã2ä�õ�×èÖ!Ü	áuÈ�Ø|ü�ãxÝÞã8×èäìß|ÖBÈÞØ|ä Ùw'
Ï�ÎB« Ó�¿-¸±¸z½F¬Ê»/·Å
 À � Án¿W�·'À ·'¾�¼�¸ ¼±¿ Ä �®d
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